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ERRATA.

Page 127, § I, foot of page, dele the words "which is concluded in the pre-

sent issue of the Journal of Mathematics."

Note.—The Paper of Prof. Young, on Principles of the Solution ok

Equations of the Higher Degrees, and the Resolution of Solvable

Equations of the Fifth Degree, which was read before the Canadian Institute

on the 3rd March, 1883, appeared subsequently in the American Journal of

Mathematics, from which it was set up for publication in the " Proceedings."

Page 180, lines 19, 22, 26, for " Hinos," read " Ainos."

" 243, line 23, for "D rer," read "Diirer."

" 250, line 11, for " C. C, F. R. S. C." read " C. E., F. R. S. E."
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PEOCEEDINGS

THE CANADIAN INSTITUTE,

SESSION 1883—1884.

FIRST ORDINARY MEETING.

The First Ordinary Meeting of the Session 1883-84 was held

on Saturday, November 3rd, in the Library of the Institute,

the President, J. M. Buchan, M. A., in the chair.

The minutes of last meeting were read and confirmed.

The following list of exchanges, donations and purchases

received from April 1st to November 3rd, 1883, was presented :

I.—DONATIONS.

1. Report of the Superintendent of the U. S. Coast and Geodetic Survey,

showing the progress of the work during the fiscal year ending June,

1880.

2. The Bystander, N. S., No. 1, January, 1883, by James Bain, jun., Esq.

3. Report of the Commissioner of Agriculture for the United States, for the

years 1881 and 1882.

4. Statutes of Ontario for 1883.

5. The Canadian Parliamentary Companion for 1883, by J. A. Gemmill, Esq..

6. A glacial striated stone from boulder clay, shore of Lake Erie, Kingsville,

Essex Co., presented by David Boyle, Esq.

7. Annual Reports of the Commissioner of Agriculture and Public Works
for the Province of Ontario, on Agriculture, and the Arts, for 1872, 1873,

1874, 1876, 1877, 1878, 1879, 1880, 1881, 1882, (10 vols.) per Professor

Buckland.

8. Report of the Superintendent of Insurance for the Dominion of Canada
for the year 1882 ; from the Superintendent of Insurance, Dominion of

Canada.

9. Catalogue of the Library of the Peabody Institute of the city of Balti

more, Vol. I. , containing letters A to C ; from the Board of Trustees of

the Peabody Institute.

10. Check List of Insects of the Dominion of Canada, compiled by the;

Natural History Society of Toronto ; from the compilers.
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11. Journal of the Anthropological Institute of Great Britain and Ireland,

11 Nos. of various volumes to complete a set ; from the Anthropological

Institute.

12. Report of Canadian Archives, by Douglas Brymner, Esq., Archivist, 1882
;

from the Department of Agriculture, Ottawa.

13. Memoires de la Societe Academique Indo-Chinoise de Paris. Four publi-

cations from the above Society.

14. The Literary Bulletin (11 Nos.) and Bibliographical Contributions (7 Nos.)

of the Harvard University Library ; from the Librarian.

15. Four reports of the Peabody Institute, city of Baltimore.

16. Historical collections of the Essex Institute, 12 volumes and parts, com-
pleting a set ; 13 pamphlets from the same institution.

17. Proceedings of the Academy of INatural Sciences, Philadelphia, 10 parts

and volumes to complete a set.

18. The Worcester Society of Antiquity, 5 Nos., completing a set.

19. The Journal of the Linnean Society, No. 70, Vol. XIII. , completing a set.

20. The Journal of the Royal Dublin Society, 8 volumes and numbers to

complete a set.

21. Annals of the Lyceum of Natural History, New York, 9 volumes and
numbers ; Transactions of the N. Y. Academy of Sciences, 7 numbers,
completing sets ; from the N. Y. Academy of Sciences.

22. From the Royal Geographical Society : The Journal of the Society, Vols.

47 and 4S ; the "Proceedings," 8 numbers, completing sets.

23. The Museum of Comparative Zoology at Harvard College, 4 numbers.

24. Proceedings of the Royal Colonial Institute, 5 volumes.

25. Leeds Philosophical and Literary Society, six Annual Reports, and seven
pamphlets on various subjects.

26. Transactions of the Royal Scottish Society of Arts, 19 parts, to complete
a set.

27. La Societe des Ingenieurs Civils, Paris : 12 Nos. Memoires et Compte
Rendu des Travaux de la Societe for 1882.

28. The Smithsonian Institute, Washington : 6 Vols. Smithsonian Contributions
to Knowledge, Vols. 18—23, completing a set ; 17 Vols. Smithsonian
Miscellaneous Collections, Vols. 11 to 27 inclusive ; 15 Vols, of Annual
Reports of the Board of Regents of the Smithsonian Institution for

various years.

29. Victoria Institute : Vols. 6 to 16 of the Journal of the Transactions, to

complete set ; sent to Messrs. Campbell & Son for transmission.

30. Institution of Civil Engineers : Vol. 57, to complete set.

31. The Canadian Entomologist, 3 Nos. to complete a set.

II.—EXCHANGES.
Canada :

The Canadian Entomologist, Nos. 4 to 8, 1883.

Canadian Naturalist, Vol. 10, No. 8.

Bulletin of the Natural History Society of Quebec, No. 2.

The Canadian Practitioner, Nos. 5—11.

Transactions of the Literary and Historical Society of Quebec, session

of 1882-83.

The Weekly Health Bulletin, issued by the Board of Health of Ontario.
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The Monthly Weather Review of the Meteorological Service, Dominion of

Canada, April to September, 1883.

Report of the Meteorological Service, Dominion of Canada, for the year
ending December 31, 1882.

Manitoba Historical and Scientific Society, Winnipeg, Catalogue of 340
Specimens from their Collection.

Report and Collections of the Nova Scotia Historical Society for the

years 1882-83.

United States of America :

The Journal of the Franklin Institute, Philadelphia, April to November,
SNos.

The American Journal of Science, April to November, 8 Nos.

Transactions of the Connecticut Academy of Arts and Sciences, 5 Vols.,

from the commencement in 1867, to 1882.

Proceedings of the Boston Society of Natural History. Vol. 21, Part 4,

Vol. 22, Part 1.

Memoirs of the Boston Society of Natural History. Vol. 3, Nos. 6 and 7.

Science, from the commencement to No. 38.

Proceedings of the American Antiquarian Society, Vol. 2, Parts 2 and 3.

Bulletin of the Philosophical Society of Washington, Vols. 4 and 5,

1880-82.

The Pennsylvania Magazine of History and Biography, Vol. 7, Nos. 1, 2

Vol. 6, No. 4 ; and Vol. 3, No. 2.

Bulletin of the American Museum of Natural History, Vol. 1, Nos. 2, 3,

4, and 14th Annual Report.

Scientific Proceedings of the Ohio Mechanics' Institute, Vol. 1, No. 4,

and Vol. 2, No. 2.

Worcester Society of Antiquity, No. 18, and No. 12, Part 4 ; No. 3,

1877 ; No. 12, 1880 ; No. 19, 1882.

Bulletin of the Museum of Comparative Zoology, Cambridge, Mass.

Vol. 10, Nos. 5 and 6.

Journal of Speculative Philosophy, Vol. 17, Nos. 1 and 2.

Account of the Semi-Centennial Celebration of the City of Buffalo.

Report of the Director of the Observatory of Yale College for 1882-83.

Harvard University Bulletin, No. 26.

Mexico :

Tomo 3, Entrega 2a and 4°.

England :

Transactions of the Manchester Geological Society, Vol. 17, Parts 5, 6

and 7.

Proceedings of the Royal Geographical Society, April to October, 1883.

Journal of the Royal Microscopical Society, April to October.

Institution of Civil Engineers, Vols. 71, 72, 73.

Transactions of the Royal Scottish Society of Arts, Vol. 10, Part 5.

Journal of the Transactions of the Victoria Institute, April to October.

Journal of the Anthropological Institute, April to October, 1882.

Transactions and Proceedings of the Botanical Society of Edinburgh,

session 1882-S3.

Scientific Roll for 1883.
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Proceedings of the Royal Colonial Institute, 1882-83.

Report and Proceedings of the Belfast Naturalists' Field Club.

Annual Report of the Leeds Philosophical and Literary Society for 1882-S3,

Transactions of the Edinburgh Geological Society, 1S82.

Journal of the Linnean Society.

Proceedings of the Royal Irish Academy, Nos. 9 and 10, Dec, 1882,

June, 18S3.

Transactions of the Royal Irish Academy, Nos. 11, 12, 13.

India :

Records of the Geological Society of India, Vols. 15 and 22.

Memoirs of the Geological Survey of India, Vol. 19.

Paheontologia Indica, Series 10, Vol. 2 ; Series 14, Vols. 1 and 3.

New South Wales :

Report of the Department of Mines.

Minerals of New South Wales.

New South Wales in 1881.

Journal of the Royal Society of New South Wales.

New Zealand :

Transactions and Proceedings of the New Zealand Institute for 1882.

France :

Memoires de la Soci6t^ Nationale, des Sciences Naturelles de Cherbourg,

Vol. 23, 1881.

Bulletin de la Soci^te' Geologique de France, 1879—1883, 16 Nos.

M^moires et Compte Rendu de la Society des Ingenieurs Civils, April to

October, 1883.

Sweden :

Acta Universitatis Lundensis, Vols. 15, &c, 7 Vols.

Germany and Austria :

Gottingen—Nachrichten von der K. Gesellschaft der Wissenschaften,
Nos. 1—23, 1882.

Mtinchen— Sitzungsberichte der Mathematisch-Physikalischen Classe der
K. B. Akademie der Wisssenschaften zu Miinchen, Hefte 2, 3, 4, 5,

Band 12, 1882.

Sitzungsberichte der Philosophischen, Philologischen und Historischen,

Classe K. B. Akademie der Wissenschaften zu Miinchen, 1882, Hefte
1, 2, 3, Band 1 ; Hefte 1, 2, 3, Band 2 ; 1881, 4 and 5.

Astronomische, Magnetische und Meteorologische, Beobachtungen an der
K. K. Sternwarte, for 1882-3.

Wien—Jahrbuch der K. K. Geologischen Reichsanstalt for 1882.

Verhandlungen der K. K. Geologischen Reichsanstalt, Nos. 12-18.

Holland :

Haarlem, Archives Du Musee Teyler, Sene 2, 3 Part, 1882.

Archives Neerlandaises des Sciences Exactes et Naturelles, 1882, June
17, 3, 4 and 5 Pts. : 1883, June 18, 1 Pt.

Copenhagen :

Oversigt over det K. Danske Videnskabernes Selskabs 1882.

Bulletin for 1882, No. 2.
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III.—PURCHASES.

Life of Sir William Logan, by Harrington.

The Canadian Naturalist and Geologist. Vols. 1, 5 and 7 to complete
sets.

The Journal of Speculative Philosophy, Nos. 1, 2 and 3, Vol. 10 ; No. 3,

Vol. 11 ; Nos. 1, 2 and 3, Vol. 12 ; No. 1, Vol. 13 ; No. 3, Vol. 14.

The Bystander, Nos. 2, 3 and 4.

The American Journal of Science ; 31 numbers to complete set.

And the various Periodicals mentioned in the last Annual Report, from April
to November, 1883.

The President then delivered his Inaugural Address on

COMPLEXION, CLIMATE AND RACE.

Members op the Canadian Institute, Ladies and Gentlemen :

I appear before you this evening to read the introductory paper of

the session, but before doing so I wish to express my sense of the

honour which my fellow members have conferred upon me by electing

me a second time to the high office of President of the Canadian

Institute. I wish likewise to acknowledge the heartiness of the aid

and support which they gave to the Institute during last session, and

to express the hope that the same unselfish and disinterested feelings

which have hitherto prompted them to encourage what is done here

for the advancement of science and the diffusion of knowledge may
continue to operate in their breasts. The increase in membership,

and the general success of the Institute during last winter, give rise in

my mind, to good auguries for its prosperity during the session which

•commences to-night. Though the Council was unable during last ses-

sion to accomplish everything that could have been wished, I think all

will agree that it effected a great deal ; and I confidently anticipate

that much of the work which is not yet finished will be overtaken

before next May. The labour of putting our library and collections

in order has proved much more serious than was anticipated, but a

very large part of the work has been done, and our active and efficient

Assistant-Secretary, Mr. Young, has already put them so far into

shape, that he is now in a position to say what we do, and do not

possess, in most departments. I may add that the number of

periodicals which we take, and that of societies with which we ex-

change publications have been considerably increased, and that, in
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consequence, our facilities for affording the student of any special

branch of knowledge an acquaintance with what the rest of the

world is doing in it, are much improved. It may also be stated,

that arrangements have been made whereby it is expected that a fuller

and more regular printed report of our proceedings will be given to

our members.

It seems to me that it would be inappropriate not to say a word on

this occasion about the results that have flowed from a proposal made

by Mr Sandford Fleming in a communication read before the Institute

two or three years ago. I refer to the proposal to adopt certain

meridians as standards of time—a proposal which is to take practical

effect during the present month over a great part of this continent.

The members of the Institute, seeing that they have in their corpo-

rate capacity twice memoralized the government, and taken other

action in this matter, and in their separate capacities have seconded

Mr. Fleming whenever they have had opportunity to do so, cannot

but feel pleased that so much has been accomplished ; and while I

give utterance to that feeling of pleasure, I am sure that I am also

speaking the mind of the Institute, when I express the hope, that

this partial adoption of Mr. Fleming's scheme on this continent, may

be but the prelude to its adoption in its entirety throughout the

world.

Some years ago I had the honour to communicate to the Institute

the general views at which I had then arrived in regard to the very

difficult subject of the relations of complexion and climate. Though

I cannot pretend that the partial solution which I then offered, was,

even as far as it went, entirely satisfactory, I still think that it em-

bodied an element of truth. Since that time, I have gained, if not

increased light, at least additional information, and it has occurred to

me that a new paper on the subject, written, not so much with the

object of advancing any special views which I may hold, as with that

of pointing out the nature of the difficulties which crop up when one

attempts to elucidate it, and the character of the questions, with the

solution of which its elucidation is connected, might prove to be of

some popular interest.

This topic belongs to the domain of Anthropology, a science which

has lately come into existence. The anthropologist might take for

his motto that oft-quoted line of Pope's

" The proper study of mankind is man,"
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but he would give it a meaning and an application which would

astonish its author. Anthropology literally means, the science of

man, and, if the term were construed in the full extent of its mean-

ing, it would embrace all other sciences. It is not, however, so used,

but is employed to designate the science which deals with the natural

history of man. That is to say, Anthropology is a branch of Zoology.

The great poet of the age of Queen Anne thought, and expressed

the thought that the proper study of mankind is man, with the impli-

cation that it is his moral nature which is especially worthy of inves-

tigation ; the anthropologist of to-day, without leaving man's moral

nature out of account, feels more at home in questions about the shape

and size of skulls, the height, weight, and colour of different races,

the character of their hair, the peculiarities of the different parts of

their skeletons, the relations of languages, and the development of

civilization on the earth.

There is no one of the differences which separate one tribe or

nation from another more striking than that of colour. In conse-

quence, men are often classified in popular parlance into white and

coloured. Blumenbach, about a century ago, divided mankind on the

basis of colour into five races : the Caucasian or white, the Mongolian

or yellow, the American or red, the Malay or brown, and the Ethi-

opian or black ; and this classification has, in virtue of its simplicity,

until recently been very generally accepted. It is, however, scien-

tifically worthless. The so-called Red race varies in colour from

chocolate brown to dark white. There are Chinese, Japanese

and Coreans, which races, according to Blumenbach, are Mongolian,

as white as many so-called Caucasians ; and the Zulus of Southern

Africa, though ranked as Ethiopians, present examples of every

vai'iety of complexion from yellow to black.

In place of Blumenbach's system a great number of classifications

have been offered. These may be divided into those based on

language, and those based on physical peculiarities. Both are alike

unsatisfactory ; the former because they often bring together tribes

and nations of very different appearance ; the latter because they

separate races having related languages, and connect races whose

languages are extremely different. In the Indo-European family,

which is a division with a linguistic basis, are included the bronze-

coloured Hindoo and the blonde Scandinavian. Among the Xantho-

chroi, or blonde whites of Huxley, a race set apart on the basis of its
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physical characteristics, are included the Mingrelians of Circassia,

the Scandinavians, and the Finns, three races speaking radically

unlike languages, while the Samoyedes, whose language is related to

that of the Finns, and the Persians and Hindoos whose tongues

resemble that of the Scandinavians, are relegated to other classes.

From facts which have occurred, and facts which we may see daily

occurring in this country and the neighboring republic, we are led to

the conclusion that the language a man speaks is not good evidence

as to his descent. The descendants of the Dutch settlers of New
York speak English. The Negroes of the South speak either Eng-

lish or French. On the other hand physical peculiarities change

very slowly, if at all. The Spaniard of South America, the English-

man of Virginia, the Frenchman of Quebec seem to be precisely the

same physically as the Spaniard of Spain, the Englishman of England,

and the Frenchman of France. If the white race darkens within

the tropics, or the Negro blanches under the influence of frost, the

process is very slow. It would therefore seem the part of wisdom

to accept a classification based on physical peculiarities. The most

approved classification is that of Huxley, which is founded on the

character of the hair and colour of the skin. He divides all mankind

into Ulotrichi, that is, those possessing crisp or woolly hair, and

Leiotrichi, or those possessing smooth hair. The colour of the former,

that is, of the Ulotrichi, or the woolly-haired division of mankind,

"varies from yellow-brown to the darkest hue known among men."

Their " hair and eyes are normally dark, and with only a few excep-

tions (among the Andaman Islanders) they are dolichocephalic,"

that is, long-headed. " The Negroes and Bushmen of ultra-Saharal

Africa, and the Negritos of the Malay Peninsula and Archipelago and

of the Papuan Islands are the members of this Negroid stock."

The Leiotrichi, that is, the smooth-haired division of mankind, are

divisible into four groups, typified respectively by the Australians,

the Chinese, the Swedes, and the Spaniards.

1. The first of these, namely the Australioid group, have dark

skins, dark eyes, "wavy black hair, and eminently long skulls with

well developed brow ridges, and projecting jaws." This group in-

cludes the native Australians and Tasnmnians, and some races found

in India in the Pekhan. Professor Huxley is inclined to consider

the ancient Egyptians a modification of this type.
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2. The second, or Mongoloid group, have for the most part

" yellowish-brown or reddish-brown skins, and dark eyes, the hair

being long, black and straight." Their skulls range between the

extremes of long-headedness and broad-headedness. The group in-

cludes " the Mongol, Tibetan, Chinese, Polynesian, Esquimaux and

American races."

3. The third, or Xanthochroic group, have "pale skins, blue eyes,

and abundant fair hair. Their skulls, like those of the Mongoloid

group, range between the extremes" of long and broad-headedness. \

"The Slavonians, Teutons, Scandinavians and the fair Celtic-speaks^

ing people are the chief representatives" of this type, but it extends

" into North Africa and Western Asia."

4. The dark whites, or Melanochroi, constitute the fourth group.

They are " pale-complexioned people with dark hair and eyes, and

generally long, but sometimes broad skulls." The group includes

"the Iberians or Basques and 'Dark Celts' of "Western Europe, and

the dark-complexioned white people of the shores of the Mediter-

ranean and of Western Asia and Persia." Professor Huxley is

inclined to hold that the Melanochroi are not a distinct group, but

result from a mixture of Australioids and Xanthochroi, or fair

whites.

It will be noticed that this classification brings together the widely

separated Negroes and Negritos, neither of which races is maritime.

The Australians are likewise ranked with the Todas and some other

tribes of the Dekhan, though neither branch has reached a stage of

civilization that would enable it to build ships and cross seas. From

what Professor Huxley says in regard to the origin of the Melanochroi,

or dark whites, it seems fair to infer that he would explain these

difficulties by the hypothesis of a once continuous belt of Negro popu-

lation from New Guinea to Africa, and a once continuous belt of

Australioid populations from Australia to Britain. As these two

belts cover to a great extent the same ground, we have another diffi-

culty which we must solve by assuming the intrusion of either the

one race or the other, and either Australioid or Negro conquest.

These difficulties suggest, that possibly after all, Huxley's classifi- ^
cation does not indicate relationship or common descent. The Negroes

and Negritos may resemble each other, not because they are of the

same stock, but on account of the fact that the sum total of their sur-

roundings, or in other words, of their environment, is similar, and
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produces similar effects upon those subjected to it. That is to say,

the "Negrito of Malacca and the Philippine Islands may resemble the

Yoloff and the Bantu of Africa, because his climate and mode of

life are similar. If this is not the case, it is singular, that, over the

vast area in which either the Negrito or the Australian must have

supplanted the other, there should be no evidence of mixture of

race, no remains of a mixed race evidently sprung from the union of

the two. You may say to me, that one race exterminated the other.

I say that in early times it was impossible to conquer and extermi-

nate a race over a vast area. It is hardly possible now for a very

civilized to extirpate a very uncivilized race over a large tract of

country. Much less was it possible then, when all ' the devilish

enginery of modern war had not been invented, and the process of

killing one's fellow was slow, and very far from sure.

We shall be still more doubtful of the value of the preceding classi-

fication as a guide to community of descent, when we notice how the

shape of the skull, which one would think would be as fixed as the

colour of the skin or the character of the hair, varies in all but the

Australioid division. We know that abundance of good food will in-

crease the size of many of the lower animals, and that by a process

of artificial selection from among the varieties naturally produced

we can change almost any character to an indefinite extent. May it

not possibly be the case that the shape of the skull, and the colour of

the skin, hair, and eyes and other physical characters may be the

results of that natural selection which Darwin puts forward as the

operative cause in originating species.

A great deal of light would be thrown on the question we have

just raised, if it could be clearly shown that some physical character

was either independent of, or dependent on the environment. For

various reasons the character of colour seems to give greater pi-omise

of results than any other. We have a greater abundance of informa-

tion in regard to it than any other, and it seems at any rate at first

sight to vary according to a law.

"The colour of the skin" in the different races "varies from the

very pale reddish brown of the so-called white races, through all shades

of yellow and red brown to olive and chocolate, which may be so

dark as to look black." That of the hair, varies from the flaxen of

some northern races, to a very deep brown 01 bluish black. That of

the eyes varies from a very light blue through different shades of blue,
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or grey, or green, to a more or less dark brown. Fair hair, and blue,

green, or grey eyes, are never found except in conjunction with a

white skin. The yellow hair reported as seen in some countries in

conjunction with a dark skin, is the result of the use of a bleaching

agent. Light eyes may occur with dark hair and a fair skin, and

dark eyes with a fair skin and fair hair. The great majority of man-

kind have dark eyes, dark hair, and a more or less dark skin, and

Huxley's Xanthochroi, or the blonde whites of Northern Europe, are

the race that departs farthest from the common type.

According to Professor Huxley, there must once have been some-

where an unmixed blonde white race, by mixing with which the

Australioids of the Mediterranean region and Great Britain became

blanched to their present hue. There is not, however, what one

would think there ought to be on that theory, any country or part of

a country inhabited only by blondes. Probably the country with

the greatest proportion of fair whites in it, is Southern Sweden
;

but here there is no inconsiderable admixture of men of the dark

white race. On the contrary, there are countries inhabited solely by

Melanochroi or dark whites. Such for example are Persia and

Northern Arabia. These facts, namely, that there is no tribe or

nation of unmixed blondes, while there are some of unmixed brunette

whites, would seem to indicate, that the fairness of the people in the

native country of the white race, is due to climatic causes, which

produce their maximum effect in those parts where there are most

blondes.

At first sight nothing appears plainer than that complexion is a

result of climate.

The very dark races are near the equator, the light-colored ones in

the temperate zones. The explanation seems to be at least as old as

Homer that darkness of skin results from the intensity of the sun's

rays. In his poems the term ^Ethiopes, meaning burnt faces, the

root of our word Ethiopian, is used to designate an African tribe.

But a very slight extension of our knowledge shows that this theory

does not explain the facts. Side by side in the same country, as, for

example, India, we find races of differing color who, apparently, have

occupied the same soil for many centuries. On the forty-fourth

parallel of latitude, which runs a little north of this city, we find, in

the old world, the European brunette, the blonde Circassian, and the

yellow Mongol, while on this continent we have the brown reddish
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or yellowish Indian. On the equator itself we have the African

Negro, the brown Malay of Borneo, and the yellow Tupi of the valley

of the Amazons. North of the blonde Russian is found the yellow

Samoyede, south of the brown men of equatorial Sumatra and Java

live the blacks of Australia, and the two darkest native races of this

continent live near the mouth of the Colorado and that of the La
Plata, each of which points is, speaking roughly, about thirty degrees

distant from the equator.

The people of the eastern continent, south of the Tropic of Cancer,

are for the most part brown or black. Divide what is north of the

tropics into two halves by the seventy-fifth parallel of longitude and

those to the west are white, those to the east yellow. The inhabit-

ants of the islands of the Pacific vary from the light yellow of the

Japanese to the chocolate brown of the Papuans. In America the

Haidah Islanders and the aborigines of the neighboring parts of

Alaska are almost white, the California and Arizona Indians are dark

brown ; the Tupis and G-uaranis that occupy the valleys of the

Orinoco and the Amazons, are yellow ; the Peruvians, and the

aborigines of La Plata and Patagonia, are brown. The darkest of

these, the Charrnas, who lived near the mouth of the La Plata, have

sometimes been described as black.

The variations within a short distance are often very striking.

There is more dark hair in Wales than in England in the same

latitude, but the proportions of dark eyes are reversed. In Wales,

in Ireland, and in Brittany, dark hair and blue eyes are very frequently

combined, and this has been supposed to be due to Celtic influence.

In Ireland, according to Poesche, ninety per cent of the people have

bluish-gray eyes. In Teutonic countries blue eyes are more abundant

than gray ; in Slavonic countries the reverse is the case. In Switzer-

land the people of the mountains are darker than those of the

valleys. In Bavaria the inhabitants of the low-lying country, near

the Danube, are the darkest. In Transcaucasia those who live near

the Black Sea are blonde, those near the Caspian yellow,—between,

there are dark whites. Blondes are found sporadically among a large

number of the races of the Northern Hemisphere. That some of

the extinct Gkianches of the Canary Islands were blonde, is proved by

their mummies. If we may trust the recently discovered picture of

the mother of King Amenhotep IV., who reigned in Egypt, probably

1700 B.C., she was a blonde. At any rate, fair-haired and light-eyed



FIRST ORDINARY MEETING. 13

people occur at this day in considerable numbers among the inhabitants

of the mountainous parts of the Barbary States. The Jews, almost

everywhere, present specimens of the blonde and brunette types. The

Ghelankis at the south end of the Caspian, the Nestorians of Persia,

and the Kurds of the highlands between Turkey and Persia, are-

partially blonde. Many of the Turcomans who live just east of the

Caspian Sea, though Tiirk by race and language, are blonde ; while

the Persians to the south and the Tadjiks to the east, though Indo-

European in speech, are brunette. Some of the Indo-European

tribes in Afghanistan, and on the upper Indus, afford specimens of

fair-haired and blue-eyed men. In short we may say that Xantho-

chroi occur from the Arctic Ocean to the Sahara, and from the Atlantic

to the Indus, in greater or smaller numbers, and that occasionally

beyond these confines, among the Chinese or Coreans, or even the

Indians of Northwest America, individuals may be met with, of

pure blood, who exhibit either light eyes or fair hair. For example,

the Spanish discoverers of the Thlinkeets of Alaska, expressly note

the fact that some of them had blue eyes. " Eran de color bianco y
habia muchos con ojos azules." They were of a white color and there

were many with blue eyes, says Perez. According to the Abbe"

David there is to be met with in Se"tchuan, one of the northwestern

provinces of China, an aboriginal race with light eyes and hair often

chestnut or yellowish.

During the last twenty-five years considerable quantities of statis-

tics, relating to the colour of the hair, eyes, and skin, have been

collected in various countries. In Great Britain Dr. Beddoe's figures

show that the number of blondes increases as we go north ; in France

the fairest part of the population is in the north and north-east ; in

Belgium in the north ; in Gallicia, a part of Poland, the people are

fairer in the north. In Germany the observations made on school

children show that Schleswig-Holstein, the northernmost province, is

the fairest. The next fairest is not, as might be expected, the next

most northerly province, East Prussia, but Pomerania, and the third

in the list is Hanover. The geographical position of these provinces

naturally leads to the inference that the Scandinavian Peninsula is

the seat of the fairest population in the world. The blonde centre is

probably somewhere in the southern half of that peninsula, as the

Lapps in the north, though partly fair, are partly brunette. In every
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direction north, south, east, or west from this central point the pro-

portion of blondes decreases, and that of brunettes increases.

Many theories have been advanced to account for these anomalies.

The common explanation is that they are due to race. If so, how is

it that we have no aboriginal blondes between the tropics, and no

aboriginal blacks north of 35° N. L. It has been thought that

civilization produces fairness ; but this view is refuted by many facts,

the civilized Peruvian Indians, for instance, being darker than their

savage congeners on the Amazons. It has been asserted that the

upper classes are fairer than the lower ; but, though this is the case

in Europe and India, the opposite state of things existed in the

Sandwich Islands, and still exists in some parts of Africa. A moun-

tain climate has been supposed to produce a light complexion, but

the highlanders of Scotland and Switzerland are darker than the

natives of the plains of the same countries. Indeed, a pretty good

case could be made out for the theory that low, fiat countries produce

fair complexions. South America, for example, which has no abori-

ginal negroes, is much less raised above the level of the sea than

Africa. But neither is this theory consonant with all the facts.

The explanation has been sought in differences of diet, and it has

been conjectured that a superabundance of carbon in the food might

lead to the deposit of some of it in the skin. Races then, that live

largely upon fat or oily food ought, on this hypothesis, to be darker

than others in the same latitude. But there are no facts to show

that the Welsh or the Irish live more on carbonaceous food than the

English or the Dutch, and yet there is a considerable difference in

complexion. Dr. Livingstone thought that a moist climate produces

dark skins ; D'Orbigny considers it the cause of fairness. Poesche, in

his work on the Aryans, seems to consider fairness to be due to the

absence from the soil of the elements from which the pigment that

gives the yellow, brown, or black shade to the skin is formed.

Darwin, Professor Huxley, M. de Quatrefages and others think it

probable that racial distinctions owe their origin to the selective

operation of the prevailing diseases of particular climates. Assuming,

what is amply supported by facts, that individuals slightly diverging

in different directions from the type are constantly being produced,

it is obvious that if a dark or a light complexion be correlated with

power to resist a particular disease or group of diseases, a white race

may, by natural selection, be gradually developed from a coloured one,



FIRST ORDINARY MEETING. 15

or vice versa. M. de Quatrefages has suggested that the malarial fevers

of Africa have wrought this effect there, and that phthisis has been

the agent in the north of Europe. It certainly is the case that the

tropical regions of Africa are very unhealthy for whites, and that the

Negro dies out north of the parallel of 40° in both hemispheres; but

this does not show that both races might not be acclimatized by slow

degrees without loss of colour. In other words, no reason has been

shown for thinking that it is to the complexion, and not to some

other racial peculiarity that the relative immunity from cei'tain mala-

dies is due.

Of these various views, I am inclined to hold that that of

D'Orbigny and Schomburgh is most in accordance with the facts.

Europe which is the seat of the white man is the moistest of the

continents ; the fairest of North American Indians live on the humid

coast and islands of Southern Alaska and Northern British Columbia

;

where there are unbroken forest regions in South America, and there-

fore a comparatively moist climate, the aborigines are yellow
;

where prairies and droughts prevail, they are brown. As compared

with Hindostan, Farther India is moist, and its inhabitants are less

sombre in hue. The brown men of Sumatra, Borneo, Java, and

Celebes inhabit forest-covered, and therefore comparatively humid

islands, the black races of Papua and Australia roam over grass-clad

plains, whose existence proves the relative dryness of the air. But

neither is this hypothesis in accord with all the facts. The co exist-

ence of races of different hues in India, and of the brown Malays,

and black Negritos in the Philippines and Malacca, cannot be ex-

plained by it. The west coast of Great Britain is incomparably the

damper, but yet the inhabitants of the east are decidedly the fairer.

Some portion of these, and similar facts, may be explained by sup-

posing that certain introduced races have not become completely accli-

matized. It might, for example, be held that this is the cause of the

relative fairness of the higher castes in India. It might too, be held

that if many thousands of years were allowed, the blonde inhabitants

of Great Britain and Ireland would disappear, and be replaced by a

homogeneous race of dark whites, similar to the pre-Celtic inhabitants

of those islands. There is some evidence tending to support this

view. In particular, I may mention Dr. Beddoe's observations on

the colour of the eyes of women, from which it appears that the

proportion of dark-eyed women in England is growing lai'ger.
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Another explanation of some of these facts, that possesses a certain

degree of probability, is, that difference of colour in the same country
.

is due to mode of life. It may be maintained that the Samangs of

Malaca, and the Aetas of the Philippine Islands are darker than

the other inhabitants, because the poorness of their dwellings, and

their consequent practically constant exposure to sun or wind, renders-

it an advantage for them to be dark.

Another explanation to which I shall make reference later, is that

humidity is probably not the sole climatic influence that operates.

I may say here that I do not attach importance to the direct in-

fluence of climatic conditions. It is, indeed, a matter of common

observation that these produce considerable effects on the individual1

.

Pruner-Bey, for example, states that he has noticed that " the Euro-

pean acclimated in Egypt acquires after some time a tawny skin,,

and in Abyssinia a bronzed skin ; he becomes pallid on the coast of

Arabia, cachectic white in Syria, clear brown in the deserts of Arabia,

and ruddy in the Syrian mountains." But there is no proof that

these cutaneous changes are inherited. If, however, it can be shown

that a particular kind of skin is better than others for resisting the

deleterious influences of a given climate, it stands to reason that

those members of a race whose skins vary in the direction of this

type, will, in each generation have the best chance of surviving and

begetting children, and that by the continued increment of successive

variations in the same direction, the skin and the climate will ulti-

mately be brought into accord.

The skin consists of two layers : the inner, dense and fibrous,

furnished with blood vessels and nerves, called the derma or true

skin ; the outer, horny, nerveless and bloodless, called the epidermis,

cuticle, or scarf-skin. The cells which compose the latter originate

in the rete Malpighii, its lowest part, are gradually forced outward

by new cells and finally exfoliate. In some of these epidermic cells

a pigment is found which varies in different races, but always con-

tains a yellow element. The hue of the skin does not depend on

this colouring matter alone, but is a compound effect resulting from

the white of the dermis, the red of the blood in the minute vessels

near the surface, the colour and quantity of the pigment, and the

thickness of the cuticle. Where the cuticle is thick, the colour of the

pigment will predominate over the other elements on account of the

greater depth of pigment-cells. Where it is thin, and the colouring
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matter light, the tint of the skin will be much affected by any

change in the supply of blood to the capillaries at the surface of the

body. This is the reason why the whites alone can turn pale and

blush.

Closely related to the pigment of the skin are the colouring matters

of the eye and hair. Dark-skinned people usually have black eyes

and hair ; fair hair and blue eyes are seldom found except in con-

junction with a fair skin ; and the eyes and hair of albinoes, in whom
the pigment of the skin is wanting, are likewise destitute of colouring

matter. The pink hue of their eyes is due to minute blood-vessels,

whose colour is masked in ordinary organs by the pigment of the iris.

It is noteworthy that the colouring matters of the epidermis and

the iris serve a very important purpose ; they protect the tender un-

derlying parts from the injurious effects of too much heat and light.

Albinoes everywhere find it necessary to protect their skins and eyes

from the action of the sun's rays. In warm countries they seldom go

out except at night. There is this difference between them and other

men, that long-continued exposure to the sun, which ordinarily

develops a condition of the skin capable of resisting its rays, does not

do so in their case. It may here be remarked that, the greater the

quantity of the pigment, the less transparent will the epidermis be,

and the more effective will it be as a protective agency. On the con-

trary, the smaller the quantity, the greater the transparency, and the

less the protection.

Under certain circumstances the exposed parts of our bodies

become tanned, that is to say, an increase in the colouring matter

which they contain takes place. Dark whites tan brown, fair whites,

tan red. The change is caused by the influence of the sun or wind,

and is obviously protective in its character, as the unpleasant feelings.

which result from the first exposure do not recur when we have

become thoroughly tanned. This fact, I believe, contains the key
which explains the distribution of colour among the races. The
climate, or the mode of existence of most races, renders it an
advantage to them to begin life more or less deeply tanned.

As an excretory organ, it is the function of the skin to discharge,

water, carbonic acid and urea—the first in large, the others in small;

quantities. Perspiration, or the excreting of water with some saline

matter in solution, is effected in two ways. In the first place,

sudoriparous glands, imbedded in the true skin, secrete sweat from,

2
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the blood. This is conveyed to the air by minute ducts passing

through the epidermis. It is obvious that, the less transparent the

outer skin, the less light and heat will be transmitted to excite these

glands into activity. In the second place, there is a continual

transudation of sweat from the minute vessels of the surface of the

body through the epidermis at every point. The thicker or more

oily the scarfskin, the less will the amount of this transudation be.

If it be both thick and oily, as in many dark races, the quantity

transuded will be reduced to a minimum ; if it be thin and not oily,

as in the fairest members of the white race, transudation will be

copious.

The amount of transuded sweat depends, however, not only on the

thinness of the cuticle, but also on the degree to which the air in

contact with the body is saturated with moisture ; for there is a

limit to the quantity of vapour which the air can absorb. This

limit varies with the temperature, warm air absorbing more than

cold. It is also to be remarked that perspiration relieves the body

of heat as well as of moisture, and that a dark skin may serve as a

means of radiating heat in climates in which a large loss of moisture

is a disadvantage. Such being the nature of the skin, I now

proceed to inquire what kind of it will best suit particular regions.

For this purpose climates may be classified as

—

I. Arctic.

II. Moist temperate.

III. Dry temperate.

IV. Moist tropical.

V. Dry tropical.

1. When the skin is exposed to great cold, perspiration by tran-

sudation is accelerated. The frosty air, being raised many degrees in

temperature by contact with the body, becomes very dry, and greedily

drinks in its moisture. At the same time the body loses not only

the heat which the air carries off, but also that which is rendered

latent by the evaporation of the sweat. As a protection against the

injury which a too rapid loss of perspiration and heat may inflict in

an arctic climate, a thick integument is desirable. It is, I believe,

the fact that arctic races have thick skins. At any rate M. de Quatre-

fages says that cases of dry rough skins occur most frequently among

the polar tribes. This I take to be a result of the thickness of the
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-cuticle, just as, on the older parts of a tree, I take the roughness of

the bark to be a consequence of its thickness.

But why should the eyes, skin and hair of the Polar tribes

be darker than those of the blonde Europeans who live to the south

of them ] I suggest that it is on account of their perpetual or almost

perpetual snows. It is a well-known fact that the rays of the sun

reflected from the Arctic snows tan Europeans and produce snow-

blindness in them. From these effects the natives enjoy, I under-

stand, comparative immunity, which I think it fair to attribute to

the colour of their skins and eyes. The hair, being anatomically a

part of the skin, varies with it in colour.

II. By a moist temperate climate I mean one occurring in

a temperate zone in which the air constantly contains a large amount

of moisture. Humidity does not to any considerable extent depend

on the amount of the annual rainfall. The annual rainfall of

London is twenty and one-half inches, that of Toronto twenty-seven

inches
;
yet the air of the former place is incomparably more humid.

Countries in which the air is generally moist are distinguished

from others in the same latitude by the limited range of the

thermometer. This is due partly to the fact that the vapour of

water cannot be so rapidly heated or cooled as air, and partly to

the check which the presence of haze, mist, or cloud in the atmo-

sphere puts upon radiation. A moist temperate climate is also

warmer than others in the same latitude, for it owes its existence in

every case to breezes from warm seas. Breezes from cold seas can-

not produce a true humid temperate climate, because when they

strike the land in summer they will be raised in temperature and

rendered dry.

In humid temperate climates, since the rays of the sun, falling

obliquely through a moisture-laden atmosphere, lose much of their

light and heat, much pigment is not needed. The vapour-clogged air

does not facilitate perspiration, therefore a thin epidermis is desirable.

The combination of a thin epidermis with little pigment will give a

white complexion.

The best example of a moist temperate climate is furnished by the

countries lying around the North and Baltic Seas, which are appar-

ently the native land of Huxley's Xanthochroi. The central part of

this district, namely Southern Sweden, is probably the place where

there are most blondes. But Great Britain, though more humid,
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is less blonde than Germany Denmark and Sweden in the same lati-

tudes, and in Great Britain and Ireland, though the humidity

increases, the fairness of the population diminishes as we go west.

Two explanations of this difficulty besides that of race, which last

from the point of view of this paper is no explanation at all, have

suggested themselves to me. One is that, as wind is a tanning agent,

it may possibly be the case that Ireland is more windy than England,

and England than Denmark and North Germany. But I have no
facts to either bear out or overthrow this hypothesis. The second is

that the fairest type of blonde is produced by the humidity caused by

evaporation from fresh or nearly fresh water. A glance at the map
shows that the greater part of the blonde area is low and swampy,

and that the eastern and fairest part of it derives much of its vapour

from the half-fresh Baltic Sea. This hypothesis is supported to

some extent by the case of Mingrelia, the westernmost part of

Transcaucasia, and the source whence the unspeakable Turk obtained

the blonde beauties with which he used to stock his harem, the mois-

ture of this country being derived from the half-fresh waters of the

Black Sea.

III. By a dry temperate climate I mean one occurring in a

temperate zone in which the atmosphere is usually dry. Countries

in which this climate prevails are distinguished from others in the

same latitude by the greater range of the thermometer. Their

summers are hot and their winters cold. As a protection against

the greater heat and brightness of the sun, a less transparent cuticle

than that which serves the purpose in humid temperate regions is

necessary. To prevent the too rapid withdrawal of the fluid contents

of the capillaries by the dry air a thick epidermis is required. The

combination of a thick cuticle with a quantity of pigment such as

will satisfactorily modify the intensity of the sun's rays will produce

various shades of yellow and brown.

A good example of a dry temperate climate is furnished by the

prairie regions of North America. The aborigines of this district

were brown with the exception of the Mandans, among whom a

curious kind of albinism seems to have been astonishingly prevalent.

IV.—By a moist tropical climate, I mean one occurring in or

near the torrid zone, in which there is no dry season. In such a

climate vegetation will be luxuriant all the year round, and man

will live in the shade of dense forests, in a steaming and enervating
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atmosphere, where the temperature will be high, but will vary little.

Though the rays of the sun will descend vertically upon him, yet their

power will be diminished by the vapour contained in the air, and

he will not need so dense a pigment to protect him as the inhabitants

of other tropical regions. Add to this, that a thin epidermis will

facilitate the persprration which a moisture-laden atmosphere tends

to check, and we come to the conclusion that the natives of such

countries will be distinguished by comparatively fair complexions.

As an example of a moist tropical climate we may take the valley

of the Amazons and point to the fact that its aborgines are lighter

in colour than those of rainless Peru.

Y.—On the contrary in a rainless tropical climate, or in one

with a well-marked dry season, the rays of a vertical sun will con-

tinually or for considerable periods descend in all their power, and

the densest pigment and the thickest scarfskin will be needed. In

rainless Nubia, for example, the inhabitants, whether of Semitic,

Hamitic, or Negro stock, are alike black.

The part of Africa south of the Great Desert, will exemplify

the case of a tropical climate with a dry season. This immense

region consists essentially of a strip of low coast land, and an im-

mense level central depressed surface with a more or less elevated

rim surrounding it. The inhabitants of the coast and the central

depression are very black, those of the rim lighter in color. Dr.

Livingstone attributed this to the greater humidity of the lower

regions. But it is obvious from theoretical considerations that the

elevated rim must be more humid than any other part of the contin-

ent. During the dry season, the sea-breezes, when they strike the

coast, will be raised in temperature and consequently deposit no

moisture until cooled by being forced upward when they come against

some elevated land. The meterological observations of travellers

show the facts to accord with this view.

There are black men in Africa, in India, and in Australia and

some of the adjacent islands, because these countries all have long,

pronounced dry seasons. Owing to the peculiar formation of the

continent of America, its tropical regions are, for the most part, very

humid, and consequently very dark natives are found within them

only in Peru, which possesses a very dry climate.

An immense number of facts might be adduced in support of this

tfcheory ; but there are some which it fails to explain. Nevertheless,
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so great is the mass of evidence showing that humidity has beem

an efficient agent in producing fairness that I must hold to the belief

that there is something in the views which I have just attempted to ex-

press. Yet, whatever may have been the causes which have given rise-

to the diversity of complexion that exists among mankind, it is clear

that the colour of each race is now so fixed, that climatic influences

change it very slowly. Neither the negro nor the white man on this-

continent has varied much in the direction of the Indian. Both

white and negro have, however, been here only a few centuries. A
much longer time has elapsed since the populous and frozen North

sent her barbarian hordes across Rhene and the Danaw to destroy

the Roman empire, but yet, wherever we have historical reasons

for expecting to discover traces of German blood, we find a

relatively large number of blondes. The land of the conquered

countries, as a matter of course, fell into the hands of the German

invaders, and from them sprang a new aristocracy. It is remarkable

that, to this day, the nobility and gentry of every part of Christian

Europe are exceptionally fair. The conquerors naturally settled in.

the greatest numbers in the most fertile parts ; it is precisely in the-

mountains and the other comparatively infertile districts that the

brunette whites are most numerous. In Switzerland, for example,

there is a greater percentage of blondes in the more level parts in the

centre, than in Mount Jura on the west, or the Rhaetian Alps on the

east. Similar facts meet us in England and France. "Wherever there

is reason to believe that there has been a settlement of Germans or

Scandinavians, the complexions are to this day comparatively fair.

The nine centuries that have elapsed since the Northmen settled in

Normandy have not made their descendants as dark as the neighbour-

ing Bretons
; nor have thirteen hundred years made the West Saxon

of Somerset and Gloucester similar in complexion to the Welshman
of Glamorgan and Caermarthen.

Facts like these have led many ethnologists and anthropologists to

conclude, perhaps, too hastily, that colour is the least variable of all

the characters that mark a race. This, if true, leads with consider-

able probability, to the hitherto little noticed, but most important

conclusion, that the original seat of the Aryan race was in Europe,

and on or near the shores of the Baltic Sea. I propose now to ask

your attention while I show how this conclusion follows, and very
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briefly enquire whether what is known from other sources about the

Aryans is consonant with it.

It is well-known that philological investigation has established

that nearly all the European, and some of the more important Asiatic

languages are descended from a common source, and that these

are at the same time related to each other in such an intimate

manner and so widely different from all other languages, that scientific

men feel justified in setting them apart in a family by themselves.

To this family belong the Celtic, Teutonic, Slavonic, and Romance

languages, together with the Greek, the Armenian, the Persian, the

Hindi, and others. The language whence all these have sprung is

the Aryan, and it follows as an almost necessary corollary, that

wherever an Aryan language is now spoken, there must be some

admixture, however slight, of Ai-yan blood. There is therefore a

community of speech between all Englishmen and all Hindoos, accom-

panied by a community of blood between some of each race.

With the exception of the Aryans of India, the Aryan races are

white, and, as the sacred books of the Hindoos represent their ances-

tors as an intrusive race in conflict with dark aborigines, it is fair to

assume that their present colour is due to an admixture of non-Aryan

blood, this postulate of course being always granted that climate has

no appreciable effect upon the colour of a race that has once established

for itself a separate and distinct type. But as has already been stated,

there are two white races, the brunette and the blonde. These are

intermingled in various proportions in almost every country in which

whites are to be found. We have seen that the blondes are most

numerous on the shores of the Baltic and North Seas, and that in

whatever direction, whether north, south, east, or west one recedes

from these shores, the proportion of brunettes increases. Now,

assuming that racial peculiarities are unchanged, except by inter-

mixture, were the original Indo-Europeans a blonde or a brunette

race, or one composed like most of the modern Indo-European nations

of an intermixture of the two ?

The following facts seem to show that the original Indo-Europeans

must have been either purely or largely blonde. There are only three

Indo-European races, the Hindoos, the Persians, and the Armenians,

in which no blondes occur, and these occupy countries too far south to

be the original home of the race, since a variety of evidence shows

that it must have been situated in a tolerably cold climate.
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Among all the others blondes occur in greater or smaller proportions.

In western Europe, wherever we have a large proportion of dark

whites, we have a good deal of evidence to show that there' has been

a mixture of the Indo-Europeans with the previous occupants of the

soil. In Italy there were, in historic times, Etruscans and Ligurians,

one, or both of which races were non-Aryan. In England, France,

and Spain the evidence is strong that supports the theory that there

is still a large amount of Iberian or Basque blood in the population.

Now, if the original Aryans were blonde it is natural to look for

their seat where there is to-day the largest fair-white population, that

is, in the neighborhood of the Baltic and North Seas. Here, as a

matter of fact, we find the Lithuanians, whose language of all living

languages most closely approximates to the original Indo-European.

Our Aryan ancestors were pre-eminently a cattle-rearing race, and

there is a strong probability that the domestic cattle of Europe are

descended from its native wild stocks. As they knew something of

the sea, and apparently nothing of the camel or tiger, it does not

appear probable that Eastern Turkestan was their original home.

Western Turkestan, though boidering on a sea, is precluded by the

infertility of its soil, and its utter unsuitability to the kind of life

we know the Aryans must have led. It is probably true that the

Persians and Hindoos lived together at one time in Eastern Turkestan,

but that does not prove that they had not come there from some other

place. Indeed, the hypothesis that Turkestan was the original seat of

the Aryans, seems to have no better foundation than the belief that

the west has been peopled from the east. It may be true that the

first men who lived in Europe came from Asia. But that must have

been at a period antecedent even to the very remote date at which

the A_ryan race developed its special characteristics. Within the

historical period, at any rate, there have been as many advances of

Europeans into Asia as of Asiatics into Europe. At the very

beginning of written history we hear of a Persian invasion of Euro-

pean Russia in retaliation for a previous invasion of Persia by

Scythians from Russia. After the Persians' failure to establish

themselves in Europe, the Greeks established themselves in Asia and

hellenized it more or less completely to the head waters of the Ganges

.

The reaction came when the Huns and Saracens penetrated to France.

From the battle of Tours, in which Charles the Hammer turned back

the Mohammedans, to the siege of Vienna, two hundred years ago,
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the contest between the west and east went on with varying

results; but since John Sobieski drove the Turks out of Austria

the tide has turned. The Turk is on the eve of being driven out of

Europe, half of Asia belongs to Russia and England, and European

ideas and blood are everywhere changing the character of that con-

tinent. As far as history informs us, population has moved as often

from the west to the east as from the east to the west.

The first opponent of the Asiatic origin of the Indo-Europeans, as

far as I know, was one Schulz, who published a book on the source

of the German race in 1826. The next considerable protest came

from Omalius d'Halloy, who objected mainly on physiological

grounds. He was followed by that eminently original thinker and

suggestive writer, It. G. Latham, whose objections were philological.

His argument is very clearly put in the following words :

" Where we have two branches of the same division of speech

separated from each other, one of which is the larger in area and

the more diversified by varieties, and the other smaller and compara-

tively homogeneous, the presumption is in favour of the latter being

derived from the former rather than the former from the latter. To

deduce the Indo-Europeans of Europe from the Indo-Europeans of

Asia, in ethnology, is like deriving the reptiles of Great Britain from

those of Ireland in herpetology."

Since he wrote these words his views have been adopted by a

number of Germans, among whom may be mentioned Geiger, Cuno,

and Benfey. The two former of these, with perhaps some excess of

jtatriotism, place the cradle of the Indo-European race in the heart

of Germany. Oscar Peschel places it in the Caucasus, but this is

evidently a compromise. Poesche places it in the Rokitno Swamp in

the neighbourhood of Pinsk in West Russia. There is here about

the upper waters of the Dnieper an immense swampy region, which

is said on the authority of a Russian traveller, Mainow, to be re-

markable on account of the general lack of colour in all organic

nature. Cases of albinism are very frequent, the horses are almost

all gray or light yellow, the leaves of the trees ai'e pale, and every-

thing is dull and colourless.

My conclusions are :

—

1. That the causes which in early times developed the existing

-differences of colour were partly or wholly climatic.
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2. That two of these were distance from the equator and moistness

of the aii\

3. That there were other causes which have not been discovered.

4. That the colour characteristics of existing races change very

slowly, if at all, under the influence of new climatic conditions.

5. That the agreement of two races in colour is no proof of com-

munity of origin.

6. That the chief, perhaps the only point of origin of the blonde

race was in Northern Europe.

7. That the Indo-Europeans were largely blonde, and that their

original home was near the Baltic Sea.

After the address, Prof. Ramsay Wright, of University Col-

lege, exhibited some new microscope objectives, by Gundlach,

of Rochester, U. S., and by Zeuss, of Jena.

SECOND ORDINARY MEETING.

The Second Ordinary Meeting of the Session 1883-1884,

was held on Saturday, November 10th, in the lecture-room,

the President in the chair.

The minutes of last meeting were read and confirmed.

The following gentlemen were balloted for, and duly elected

members.

Alan Macdougall, C. PI, F. R. S. E. ; Messrs. John McAree, Harry-

Walker, Frederick T. Butler, James Jardine, G. H. Robinson, M.A., J. M.
Clark, B.A., A. S. Johnston, B.A., T. G. Campbell, B.A., JohnSquair, B.A.,

H. R. Fairclough, B. A., J. Warren Reid, B. A., J. C. Robertson, B. A., Capt.

Gamble Geddes, A. D. C.

The following donations and exchanges received since last

meeting, were announced :

1. Minutes and Proceedings of the Institute of Civil Engineers, London,
Vol. 74. Series lS82-'83, part 4. Brief Subject Index to Minutes and
Proceedings of the Institute of Civil Engineers, vols. 59 to 74. Series

1879-80 to 1882-83.

2. Transactions and Proceedings of the New Zealand Institute for 1868, 1872,.

1873, 1874. Vols. 1, 5, 6, and 7.

3. The Canadian Entomologist, vol. xx. No. 9 for September, 1883.
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A paper entitled " The Literature of English-speaking'

Canada" was then read by C. Pelham Mulvany, M.A., M.D.,

T.C.D. Among the writers reviewed were Prof. Watson, Mr.

Le Sueur, Mr. Grant Allen, Prof. Dawson, Mr. R. W. Phipps,

Dr. Canniff, Principal Grant, Mr. Charles Dent, Mr. J. E.

Collins, Mr. George Stewart, Mr. C. G. D. Roberts, " Seranus,"

" EspeVance," and Mr. P. Thompson. In discussing the

paper Mr. Geo. Murray noticed the omission of the names of

Dr. Rolph, Mr. Charles Lindsay, and especially the late Mr.

W. J. Rattray.

THIRD ORDINARY MEETING.

The Third Ordinary Meeting of Session 1883-84 was held

on Saturday, November 17th, the President in the chair.

The minutes of last meeting were read and confirmed.

Mr. Henry P. Gisborne was elected a member.

The following exchange was announced as received since

last meeting :

Proceedings of the Pujyal Geographical Society, N. S., Vol. V., No. 11, for

November, 1883.

Mr. W. A. Douglas, B. A., then read a paper on " Land AND
LABOUR," in which a distinction was drawn between property

in land and property in other things. We had adopted the

system of land tenure that prevailed in Western Europe, and

by this system the greater part of society were practically

deprived of any right to the surface of the earth. Of two

settlers in the North-West, for example, one secures a section

which becomes a farm, the other a section which becomes the

site of a town ; after twenty years the farm sells for $30 or

$50 an acre, the town site for $10,000 or $100,000 an acre.

It is more than likely that the owner of the town-lot had

done less toil for his reward than the farmer. There was a

great distinction between trade in land and trade in other

commodities. A man or a number of men take a piece of

worthless rock, they subject it to smelting, rolling, etc., and
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convert it into a knife or a steam-engine. Here they have

added to the utility and have increased wealth. They have

furnished a service. Every addition to that utility has been

at the cost of muscle and brain. The owner of a piece of

land that eventually becomes the site of a town can show no

service for his demands. The land of the globe is in fixed

quantity, while the populatiou demanding land is not fixed,

but on this continent is rapidly increasing. In conclusion

Mr. Douglas said :
" If I have represented with any approach

to truth the effects of our present system of land tenure,

then the conclusion must be inevitable that we are acting

with wicked recklessness in our new territories in alienating

with a haste as though to retain possession would be equal

to a plague or a deluge. A second conclusion is that our

methods of taxation are radically wrong. Instead of taking

revenue from the rewards of idleness, we are now doing

everything in our power to diminish the reward of labour, and
actually impose taxes as penalties to prevent the extension of

that system of exchange by which labour seeks to produce

its utmost by resorting to the best suited locations."

An animated discussion then followed, in which Dr.

Mulvany, Mr. William Houston, Mr. George Murray, Prof.

Ellis and Mr. Creelman took part.

FOURTH ORDINARY MEETING.

The Fourth Ordinary Meeting of the Session "1883-84 was
held on Saturday, November 24th, the President in the chair.

The minutes of last meeting were read and confirmed.

Mr. J. E. Collins was elected a member.

The following exchanges were announced :

1. Science, vol. 2, No. 41, for November 16, 1883.

2. Monthly Weather Review for October, 1883.

3. Journal of the Anthropological Institute, vol. 13, No. 2, for November, 1883.

4. List of Members of the Anthropological Institute, corrected to
November, 1883.
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Mr. D. A. O'Sullivan, M A., then read a paper entitled :

—

OUR FEDERAL UNION,

Of which the following are extracts :

I think I shall be within the spirit and letter of the constitution

of this Institute in discussing the Federal Union of Canada, in the

way I propose to myself in this paper. The science of speculative

politics, in which the defects in any constitution may be discovered,

and remedies proposed for their removal, is probably undesirable ex-

cept in purely political societies. At all events it is not the subject

here proposed for consideration. * * * I shall draw attention

simply to the fundamental law of our Canadian Confederation, and.

confine myself to our constitutional existence as it is, and not specu-

late as to what it might have been, and be better than it is. * * *

To say that there has been a Federal Union in Canada—using the

words in their strict sense—is in my opinion incorrect. The pro-

vinces which form that Union in Canada are not and were not

sovereign states - they were not even possessed of reserved powers in

legislation—the}7 strictly were not relatively independent colonies of

the Empire. The States of the Union, before their admission into

the Union, were colonial possessions, and they retain to this day the

reserved powers of legislation. Even they are not sovereign states,

though it took a war to decide that point. They are, however, much

nearer to the possession of sovereign power than the provinces of our

Federation. * * *

It will be seen from an historical glance at the United States

what took place in this respect. Their quasi sovereign states, in the

year 1711 , bound by a compact which was called a confederation,

soon learned how useless was such a compact, which had no execu-

tive force, and out of which the members might come and go at

liberty. Accordingly a convention of some ten years later met and

arranged on the terms of an indissoluble union, from which, having,

once entered, secession was impossible without resorting to means

outside of the proposed terms or constitution. Nine States came in

and adopted it, and in a short time every State of the old and obso-

lete coufederation, every old colony of Great Britain was ranged

under one flag and as one nation. * * *
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In the British North American Colonies confederation has been

talked of since the first year of this century. In 1800, 1814, in

1822, in 1825, in Lord Durham's time, in 1859 and in 1864, there

have been projects of union. Of the conventions of this latter year

in Quebec and Charlottetown, it will be sufficient to say that three

Provinces undertook finally to deal with the question of a federation.

These were not pretended to be sovereign in any sense and not at all

in the sense in which the present Dominion may be said to be

sovereign. These Provinces took all their rights as colonies in their

hands and said in effect to the Mother Country, " We resign our

present charters ; we have agreed to a new state of things ; wipe out

the past, and ratify the arrangements we propose to make for the

future." The old colonies then passed away, and in their place came

one new colony of the Empire, with one parliament to make laws for

the peace, order and good government of its people. The charter

provides for the government of Canada. The new Canada was then

divided up into as many Provinces as there were formerly colonies,

with the same or probably the same geographical boundaries. The

re-casting of the new Provinces of Canada from the aggregated former

colonies of the empire is something not to be lost sight of—their

status has been entirely altered—their powers of legislation are

limited and the reserved powers taken from them—their ability to

secede from the union out of the question—their rights to be consi-

dered sovereign states entirely untenable on any legal ground. The

concession of legislative powers to the central government was done

in a manner totally different from what was done in the United

States, and it would be a confusion of language to speak of the pre-

sent provinces conceding powers to any government before they

possessed any themselves. The interposition of a statute like the

Act of Confederation of 1867 between the old colonies and the

new provinces may not appear of great moment to persons other

than lawyers ; but nevertheless it is as material as any document can

be which regulates and governs the parties affected. It is like the

partnership deed or joint stock charter of a new firm or company

—

it is to be looked to in the first instance—it is that which gives us

such rights and privileges as we now possess ; it is the law before all

others, except imperial legislation, that must be regarded and

obeyed. * * *
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With us the Provinces were merged into the new Dominion—gave

up their names and their charters, and submitted to be governed by

one parliament at Ottawa. They were re-cast, re-created and formed

into Provinces of the Dominion—no longer separate colonies of the

empire, but constituent elements of the new larger colony. The

powers given to the Provinces were enumerated powers—many of

their ancient rights were gone or become obsolete, and henceforth

they were new creatures, supreme in their own local rights, but

having no capacity to increase their own stature by one cubit. * *

The main feature of every Federation is how far its constituent

provinces approach to sovereign Stales. The autonomy of our

Canadian provinces is perhaps the lowest in the scale of power that

can be exemplified in history. The list of subjects assigned to the

Central Government at Ottawa is fully more than double that

assigned to the Provinces, and every unenumerated matter goes to

swell the central list. And not only that, but the larger list embraces

the important matters. When the autonomy of a Province is spoken

of, or the home rule of a Province asserted, it must be with large

qualifications. The home rule of an obedient wife to her husband is

not an inappropriate comparison but like all other comparisons is not

to be pursued too far. * * *

For good or for evil, so far as our written constitution goes, the

people of Canada have agreed to be governed by one Parliament—to

have laws made for the peace, order and good government of Canada

—but for convenience sake the Provinces have the exclusive right to

legislate on certain defined subjects. The legislation is kept under a

species of control in the Courts, which is also exercised over

Dominion legislation, and the other the veto power of the Governor

General of Canada. The Lieutenant-Governor of each province is

an official of the Government of Canada, and is sent to preside over

the local Legislatures with certain powers over the legislation and

with executive control. The subordination of the Provinces to the

Dominion is provided for—at least on paper, and their whole duty is

the transacting of the Local government assigned to them. The

provinces are independent of each other, but are unable to enter into

any engagements other than the constitution provides for them. This

is far from being in the position of quasi independent states, and

indeed inter-provincial dealings are removed much further than before

the union of 1867. * * *
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So much for the Legislative power. The judicial power is totally

different from what obtains in England. In the main—except as to

certain powers of the Supreme Court at Washington it is analogous,

to the judicial power in the United States. A judge in England

cannot ignore a statute so long as it is on the books. It binds him

—

he may evade it or misinterpret it, but before the Constitution he has

no power to query it. Such is not the case here or in the United

States.

With us, as with them, the Constitution is the basis of legislative

authority ; it lies at the foundation of all law, and is a rule and

commission by which both legislators and judges are to proceed. Tf

the legislatures transgress their constitutional bounds the courts must

correct them. But the judiciary has no control over legislature, and

no power whatever to question its purpose or animus so long as such

legislation is kept within its defined limits. The judiciary is, there-

fore, not a subordinate but a co-ordinate branch of the government

of this country. It may keep the executive even within its authority

by refusing to give the sanction of law to whatever it may do beyond

it, and by holding the agents and instruments of its unlawful action

to strict accountability.

A judge in a Division Court, as well as a judge in the Supreme

Court, may be bound to ignore a statute, if not passed by the proper

Legislature or Parliament. Every act of any of our legislatures

repugnant to the Constitution is absolutely void, and cannot become

law of the land. There is a presumption in favour of its validity,

however, until the contrary is established.

The executive power in Canada is peculiar and merits a remark.

Whilst the legislative powers of the Provinces and the Dominion are

sharply defined, and whilst the judicial or administrative powers are

little capable of creating a difference of opinion, it is impossible to

say that the Act of 1867 is " not conflicting," or at least embarrassing

in respect of the executive. In the British Constitution the sovereign

is the apex of authority ; the King or Queen theoretically summons

the Parliament, which makes or is responsible for all the laws in the

realm—appoints the jiidges who administer these laws, and the execu-

tive authority is vested in- her. The same Queen in Canada is the

same power, and summons the Parliament at Ottawa, appoints the

judges as a general rule, with one trifling exception, and the executive

government and authority of and over Canada is vested in her. This,
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of course, applies only to the Federal Government, but from other

-expressions and from one express section in the same Act, several of

the Provinces claim that Her Majesty is a necessary element in their

Provincial Legislatures ; that she is the executive in the Provincial

Legislatures. These Provinces are Ontario, Quebec, Manitoba and

British Columbia, and they use the same forms mutatis mutandis of

enacting laws as are used at Ottawa or at Westminister. * * *

It is conceded that the Queen has no immediate power over Pro-

vincial Legislation, as the veto on it must come from Ottawa and

not from England. When, therefore, Her Majesty passes an Act in

the Provinces referred to, Her Majesty's representative at Ottawa

may disallow it—a proceeding likely to endanger the well-known

doctrine of principal and agent, but from which happily no serious

results have yet happened. * * *

I have now called attention to the three great divisions of govern-

ment—the executive, the judicial and the legislative. In the latter

two of these we resemble the Constitution of the United States—in

the former and as to the Dominion Parliament generally, we offer an

example of a reduced copy of the British Constitution. We labour

under the disadvantages of every people living under a written con-

stitution—defined, limited and inflexible—but we have the advan-

tages which a certain amount of definiteness always affords. We
have not been an easy people to govern in the past, and it is likely

that we will be no better in the future.

The inhabitants of the Dominion scattered from ocean to ocean

—

men of different countries and languages—different religions and

races—are difficult to govern consecutively in the same way for any

great length of time. Six changes we have had since Quebec fell,

and our ablest men will now tell you that the next few years

are going to decide largely the fate of the Dominion.

It may be impossible to keep in union elements that are ill-assorted

or antagonistic, but the continued existence of Canada as a Feder-

ation will be due to the united good sense of the whole people rather

than to the absence of defects of any constitution binding them

together."

In the discussion which followed Mr. George Murray, Mr.

William Houston, Mr. Alexander Marling, and Mr. William

Anderson took part.

3
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FIFTH ORDINARY MEETING.

The Fifth Ordinary Meeting of Session 1883-84 was held
1

on Saturday, December 1st, 1883, the President in the chair.

The minutes of last meeting were read and confirmed.

The following exchanges were announced :

1. Proceedings of the Royal Colonial Institute, Vol 14, 1S82-83.

2. Journal of the Linnean Society of London.
Botany, Vol. 19, No. 122.

" " Vol. 20, Nos. 123 to 129.

Zoology, Vol. 16. Nos. 95 and 96.

Vol. 17, Nos. 97, 98, 99, 100.

Proceedings of the Linnean Society from November, 1880, to June, 1882.

Lists of the Linnean Society for October, 1881, and October, 1882.

3. Science, Vol. 2, No. 42, for November 23, 1883.

4. Catalogue of Canadian Plants, Part 1, Polypetahe, by John Macoun, M. A..

5. Minutes and Proceedings of the Institution of Civil Engineers, Vol. 57,

Session 1878-79.

6. Science Pi-ecord, Vol. 2, No. 1, Nov. 15, 1883.

7. M6moires et Compte Rendu des Travaux de la Societe des Ingenieurs.

Civils, September, 1883.

8. Journal of Speculative Philosophy, Vol. 17, No. 3.

9. Report of the Smithsonian Institution for 1881.

10. Schriften der Physikalisch—okonomischen Gesellschaft, zu Konigsberg,
for 1882, first and second parts.

Mr. J. Herbert Mason then read a paper on " Transfer of

Land." The object of the paper was to call attention to the

cumbrous and expensive character of the present method of

land transfer,and tourge the adoption of the so-called "Torrens

System." The following members took part in the extended

discussion which followed : Mr. Geo. E. Shaw, Mr. J. C.

Hamilton, Mr. Geo. Murray, Mr. W. A. Douglas, Mr. D. Blain,

Mr. J. A. Patterson, Mr. Jas. Bain, jun., and Mr. Oliver How-
land.

THE SIXTH ORDINARY MEETING.

The Sixth Ordinary Meeting of the Session. 1883-84 was

held on Saturday, December 8th, 1883. The First Vice-

President, Mr. George Murray in the chair.

The minutes of last meeting were read and confirmed.

Mr. M. McLaughlin was elected a member.
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The following exchanges were announced :

1. The American Journal of Science, Vol. 26, No. 156 for December, 1883.

2. Journal of the Franklin Institute for December, 1883.

3. The Canada Practitioner, December, 1883.

4. On the Osteology and Development of Syngnathus Peckianus, (Storer) by
J. Playfair McMurrich.

5. Journal of the Royal Dublin Society, Vol. 2, 1858-'59.

6. Sitzungsberichte and Abhandlangen der Naturwissenschaftlichen Gesell

schaft " Isis " in Dresden, Januar bis Juni.

7. Science Vol. 2, (No. 43, November 30, 1883.)

8. Constitution and By-Laws of the Chicago Historical Society, 1882-83.

9. Second Annual Report of the United States Geological;Survey for 18S0-'81.

10. Twelfth Annual Report of the U. S. Geological and Geographical Survey of

New Territories; a Report of the Progress in the Exploration of

Wyoming and Idaho for 1878 by F. C. Hayden ; U. S. Geologist, Parts

1 and 2.

11. Maps and Panoramas to the above.

12. United States Geological Survey, Monograph 2 ; Territory History of the

Grand Canon District by Clarence C. Dutton.

13. Atlas to accompany the same.

14. Bulletin of the U. S. Geological Survey, No. 1.

15. Magazine of American History of December, 1883.

16. The Scientific Transactions of the Royal Dublin Society, Vol. 1, (Series 2),

Parts 15, 16, 17, 18, 19 for January, February, August and November,
1882.

17. Scientific Proceedings of the Royal Dublin Society, Vol. 3, (N. S.),

August, 1882, Part 5.

18. Verhandelingen der K. Akademie Van Wetenschappen, Twee en
Twintigste Deel.

19. Verslagen en Mededeelingen der K. Akademie Van Wetenschappen, Af-
deeling Natuurkunde, Tweede Reeks, 17th Deel, Parts 1, 2, 3.

20. Jaarboek Van de K. Akademie Van Wetenschappen, Amsterdam, 1881.

21. Memoirs of the Geological Survey of India, (Palaeontologialndica), Series

10, Vol. 2, Part 5.

22. Jahrbuch der K. K. Geologischen Reichsanstalt, 1883, Band 33, Numbers
1, 2, 3, January to September, 1883.

23. Oversigt over det Kongelige Danske Videnskabernes Selskabs, Forhand-
ling og dets Medlemmers Arbejder i Aaret, 1882, No. 3, 1882, and No.
1, 1883, Kjobenhavn.

24. Memoires de la Societe Royale des Antiquaires du Nord, Nouvelle Serie,

1S82-83, 1884 Copenhague.

25. 22 und 23 Berichte uber die Thatigkeit des Offenbacher Vereins fur Natur-
kunde vom 29 April, 1880, bis 4 Mai, 1882, Offenbach a. M., 1883.

26. Tillaeg til Aarboger for Nordisk Oldkyndighed og Historie, 1881,
Kjobenhavn, 18S2.

27. Papers, Proceedings, and Report of the Royal Society of Tasmania, 188L

28. Verhandlungen der K. K. Zoologisch-Botanischen Gesellschaft in Wien, 32
Band, 1882.

29. Offenes Schreiben auf Herrn Baron Osten Sacken's "Critical Review"'
Meiner Arbeit uber die Notacanthen, Von Prof. "Dr. Friedrich Brauer.
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30. Sitzungsberichte der K. bohmischen Gesellschaft der Wissenschaften in

Prag, 1881.

31. Jahresbericht der K. bohmischen Gesellschaft der Wissenschaften in Prag,
17 Juni, 1881, do. 10 Juni, 18S2.

32. Anales del Museo Nacional de Mexico, Tomo 3, Entrega 3, Mexico, 1883.

33. Journal of the Royal Geological Society of Ireland, Vol. 16, Part 2,

1881-82.

34. Proceedings of the Cambridge Philosophical Society, Vol. 4, Parts 2, 3, 4,

5, 1881-82.

35. Transactions of the Cambridge Philosophical Society, Vol. 13, Part 2, 1882.

36. Abhandlungen herausgegeben von naturwissenschaftlichen Verein zu
Bremen, 8 Band, 1 Heft, Bremen, 1883.

37.

38.

Mittheilungen der K. K. Geographischen Gesellschaft in Wien, 1882, 25
Band.

Sitzungsberichte der Naturwissenschaftlichen Gesellschaft, " Isis" in

Dresden.

Jahrgang,

it

1868,

1869,

1870,

Nos. 1, 2, 3, 7, 8, 9, 10, 11, 12, 3 Nos.
1— 12, 4 Nos.
4—12, 3 "

ee 1871,
" 1—12, 4 "

a 1872,
a 1—12, 4 "

a 1873,
n 1—12, 2 "

it 1874,
" 1—12, 3 "

a 1875,
a 1—12, 2 "

tt 1876,
a 1—12, 2 "

a
a

1877,

1878,

a
it

1—12, 3 "
1—12, 2 "

Mr. J. M. Clark, B. A., then read a paper entitled :

—

SOME THOUGHTS ON THERMOTICS.

In the following paper it is proposed to consider in a few of their

many aspects, the nature of heat, the laws of its propagation, its

causes and its effects, noticing its correlation to the other forms of

energy, and some more or less important applications of what we

shall give some reasons for considering the true theory of heat to

some of the problems of Chemistry, Geology and Meteorology. Heat

being that in material bodies, which causes in us the sensation by

virtue of which we call bodies hot or cold, hotter or colder, it is

important at the outset to understand what that something in the

physical world is. Prof. Tait, the eminent Natural Philosopher, in

his valuable historical sketch of the Theories of Heat, says, that in

the physical world, besides the inevitable Time and Space, there are

but four elementary ideas, namely :—Matter, Force, Position and

Motion. This statement seems open to very serious objection.

Though time may from one point of view be regarded as one of the
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conceptual elements of motion, and as such has been justly denomi-

nated the " great independent variable," yet to the physicist it cannot

be regarded as by any means an elementary idea. This will be

apparent if we remember the conventional measure of time univers-

ally employed. That measure shows that time is recognised, not as

a primordial idea, but as a very complex conception involving motion,

position and space.

Further, it seems utterly inconsistent with what is now known of

the nature of force, to regard it as an elementary idsa. If matter be

really inert, the only rational use of the word force is to denote

certain mechanical facts of motion. We may therefore for our present

purposes regard space, matter, position and motion as the only

elementary ideas in the physical world.

Heat consequently must be referred to these ideas or to combina-

tions of them.

• The experiments of Davy and Rumford demonstrated that heat

cannot be matter, since they were able to extract an unlimited amount

of heat from a limited quantity of matter, thus proving that the

production of heat did not involve the consumption of matter. These

experiments, together with an innumerable number of others of

similar nature, show that the essential idea of heat lies in motion.

But since to have motion matter must move, it is more correct to

define Heat as a form of Energy than of Motion. From the fact

that there is a mechanical equivalent of heat, it follows that the

quantity of heat is proportional not to the quantity of motion, but

to the quantity of energy. Thus Tyndall's brilliant work " Heat as a

Mode of Motion," would have been more correctly and appropriately

entitled, " Heat as a Form of Energy." Besides being more correct,,

this designation would have the important advantage of suggesting

the remarkable connection of heat with light, magnetism, electricity,,

&c, by virtue of the Conservation of Energy, a principle, the

discovery of which is perhaps the grandest reward of the scientific

research of modern times.

Having then established that heat is a form of energy, it becomes

necessary to consider the question—Are there two essentially different

kinds of energy, kinetic and potential 1 Tf potential energy be

defined (as it generally is) to be the energy of position, its existence

is utterly inconsistent with the proposition that matter is inert, a pro-

position the truth of which lies at the foundation of Modern Physics.
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Newton in one of his celebrated letters to Bentley, has justly said,

" That one body may act upon another at a distance, through a

vacuum without the mediation of anything else by and through which

their action may be conveyed from one to another, is so great an

absurdity, that no man, who has in philosophical matters, a competent

faculty of thinking, can ever fall into it." From this it inevitably

follows, that no body, or system of bodies can possess energy merely

by virtue of its position, in other words by virtue of the distances of

its parts from all other bodies. In this sense, therefore, potential

energy involves a contradiction in terms.

But if we regard potential energy as a convenient name for those

kinds of energy whose nature is not yet understood, the term is con-

venient and admissible, though liable to create considerable confusion.

There are not therefore two distinct kinds of energy—energy of

motion, and energy of position. The distinction can, in the nature

of things, have no possible fundamental difference for its basis. But

energy may be conveniently divided into two classes, namely, energy

whose nature we in some measure understand—called kinetic—and

energy—known on the other hand as potential—of whose nature we

know comparatively little, but which we regard as dependent on

position, not that this dependence is an ultimate physical fact, but

because it is a secondary or conventional mark, which, in the absence

of more definite knowledge, it is convenient to adopt.

Heat then, being beyond doubt, a form of energy, it is important

to determine in what forms of matter the heat energy resides, whether

for instance, in heated bodies, the vibrations, by virtue of which the

bodies are said to be hot are vibrations of the atoms or of the molecules.

Notwithstanding the high authority of Tyndall to the contrary,

there is good reason to suppose that heat properly so called, consists

exclusively in molecular motion. To make out the probability of this

apparently bold assertion, it is necessary to investigate the real nature

of what is most erroneously called radiant heat, but which possesses

no more of the characteristic qualities of heat than the motion of a

hammer about to strike an anvil. Tyndall himself has conclusively

proved, not only that radiant heat is not matter as is confusingly

suggested by the origin of the phrase, but what is more to the point,

that it is nothing more or nothing less than a wave motion of the

luminiferous ether, which prevades not only all interstellar, but also

intermolecular and interatomic space.
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By the way, we may notice that the term luminiferous ether which

is derived from its connection with the theory of light, and which

does not at all suggest the varied functions which this mysterious

medium is now supposed to fulfil is fast losing its appropriateness.

In view of the recent advances in Molecular Science, energipherous

would seem a much fitter term.

Though this name is suggested by the nature of radiant heat the

-coining of a new word is further justified by the views as to

the nature of electricity, magnetism, &c, advanced by Maxwell,

and now held by the leading investigators in that important field of

knowledge.

Further, analysing light by the spectroscope, and remembering

that on the undulatory theory of light, which is one of the most

completely verified hypotheses of modern science, refrangibility is pro-

portional to the wave-length, we can be certain that in any given

section of the spectral band, whether in the doubtfully so-called

thermal, luminous or actinic portions, we have vibrations of a deter-

minate wave-length.

Now it is found by means of the thermopile that the luminous

portion of the spectral hand has a heating effect, proving that

luminous rays are also thermal rays, or that the identical rays, which

falling on the optic nerve would excite the sensation of light, when

allowed to strike the face of the thermopile produce the effects

•of heat.

This important identity is rendered probable by the fact that cer-

tain substances absorb light, the only explanation of the disappear-

ance being that the substances are more or less heated. Leslie has

shown experimentally that this heating does in fact take place.

Combining this conclusion with the property known as the trans-

mutation of rays, a property discovered by Stokes, who succeeded in

.so diminishing the wave-lengths of the ultra-violet rays of the

spectrum (by the interposition of thin plates of certain substances)

as to render them visible, it follows that the fact of heat-producing

chemical decomposition which can only be effected by an acceleration

in the motions of the constituent atoms of the molecules, or in other

words by interatomic forces, does not at all prove that heat consists

in atomic as distinguished from molecular vibrations.

Even should Lockyer's hypothesis that in the enormously heated

atmosphere of the sun the supposed elementary bodies are dis-
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sociated, and their existence, as such, rendered impossible be proved,,

the same reasoning goes to show that the necessity of supposing the

seat of the heat vibrations to lie in the elementary constituents

of the molecules would not follow.

Tyndall in one of his contributions to Molecular Physics argues,

that since the power of absorption of a vapor depends on that of the

liquid from which it has been obtained, or since the state of aggre-

gation does not alter the relative power of absorption of bodies, the

seat of absorption must lie in the atoms—not in the molecules—the

relative positions of the molecules being altered, and consequently

the conditions of molecular motion. To this it may be replied that-

the change in the intermolecular relations involved in a change

in the state of aggregation of a body does not necessitate any alter-

ation in the periods of the molecular vibrations but may merely

lengthen or shorten their amplitudes.

On the other hand were the atoms the seat of the heat vibrations,,

such undoubted facts as that water has such profoundly different

physical properties from both hydrogen and oxygen, that ozone ha»

many times the absorbing power of oxygen, and that ammonia has

about 5000 times the absorbing power of either of its constituents,,

hydrogen or nitrogen, would be utterly incapable of explanation.

On the whole these considerations, combined with the general law

that heat for the most part produces physical and not chemical

effects, though molecular motion may undoubtedly be transformed

into atomic motion subject to the law of the conservation of energy,

seem to point irresistibly to the conclusion that heat is not only

a form of energy but more particularly that it consists in molecular

motions. The relation of heat to light is shown clearly by the

analysis of light by means of a prism, and lies in the fact that all!

the undulations of the energipherous medium, if transformed into the-

molecular motion of bodies, or if allowed to excite the tactile nerves,

manifest themselves in the form of heat, while only a limited portion

when allowed to strike the eye excites the optic nerve and produces

the sensation of sight. In a manner which we now propose briefly

to describe similar, more or less intimate, connexions have been

established between heat and the other forces of nature, so that heat,

light, electricity, magnetism, sound, chemical affinity, potential and

mechanical energy are now generally regarded as but different forms,

of an unchangeable amount of indestructible energy.
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There can be now no doubt that the theoretical foundation for the

modern doctrine of the conservation of energy, of which the equiva-

lence of heat and work is a particular case, was distinctly and

substantially laid by the genius of Newton in his wonderful scholium

to his Third Law of Motion.

In this scholium and in the commentary on it Newton not only

enunciates the law of conservation of energy, so far as the state of

experimental science in his day would permit, but also clearly antici-

pated the so-called modern principle of Vis Viva and D'Alemhert's

principle. No further advance of any moment seems to have been

made till about 100 years later Davy and Rumford proved experi-

mental lv the immateriality of heat. To Rumford is mainly due the

credit of having rescued the question of the nature of heat from the

domain of metaphysics, and of having devised several ingenious

experiments, by means of which he arrived at a remai'kably approxi-

mate value of the mechanical equivalent of heat. The next im-

portant names in connection with the history of the theory of heat

are those of Fourier and Carnot. The calculations and conclusions

of these profound mathematicians were expressed, it is true, in terms

which to a certain extent involved the now exploded corpuscular

theories of light and heat, but their reasoning and results were

to such an extent independent of any particular theory that the

elements involving the truth of these untenable hypotheses are

capable of being almost entirely eliminated, leaving results which

have proved of the greatest use in the development of the true

theory of energy. Perhaps the most important of the many valuable

contributions of Clausius to the theory of heat was his adaptation

of the theorem of Carnot, so as to make it consistent with the prin-

ciple of the equivalence of heat and work.

To Joule, the great English physicist, is undoubtedly due, as has

been conclusively shown by Prof. Tait, the credit of having placed

the grand law of the conservation of energy, of which the first main

principle of the mechanical theory of heat is but a particular case,

on a sure experimental foundation. By means of some of the most

ingenious and refined experiments of modern times, Joule deter-

mined that 772 foot-pounds of work, if converted into heat, would

raise I pound of water 1° F., or that to produce a quantity of heat

sufficient to raise 1 kilogramme of water through 1° C. work must

be consumed to the extent of 424 kilogrammetres, and thus placed
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the truth of the dynamical theory of heat beyond all manner of

doubt. His results have been extended by Helmholtz, Mayer,

Clausius, and Thomson, till the law of conservation has been shown

to govern all natural forces.

Thomson demonstrated that Faraday's discovery of the rotation of

the plane of polarization of a polarized ray of light, produced by

media under the influence of a powerful magnet, involved the

dependence of magnetism on motion.

The extension of the principles of the conservation and trans-

formation of energy to physiological phenomena has been largely due

to Helmholz and Carpenter.

There can be no doubt that Maxwell's electro-magnetic theory of

light is destined to play no unimportant part in the development of

the true theory of energy. From data supplied by Weber Maxwell,

found that electro-magnetic disturbances were propagated with the

same velocity as light. The explanation of this he held to be that

electricity like light was due to the undulatory vibrations of the

medium, which is beyond question necessary for the propagation of

light. Should this hypothesis be found to be a valid one, a very

clear insight will be obtained into the real connexion between

electricity, light, and radiant heat.

From what has preceded, it will be seen that the mysterious,

all-pervading ether plays an increasingly important part in the

prevailing physical theories. To such an extent is this the case that

Tyndall has justly remarked that its relations to the matter of the

universe must mainly occupy the investigations of future scientists.

In order to form a more definite idea of the properties of this highly

attenuated substance, which is yet so elastic and incompressible, that

Stallo has characterised it as an adamantine solid, it is now proposed

to attempt a calculation of its probable density. To accomplish this

object, it is necessary to know the amount of radiant energy emitted

by the sun. This determined by careful observations with the

pyrheliometer, and expressed by means of Joule's mechanical equiva-

lent of heat, amounts to 5,500,000 foot-pounds per second from every

square foot of the sun's surface.

Now, the velocity of light is 186,000 miles per second. Therefore

the radiant energy sent forth by the sun dui'ing any given second of

time will at the end of that second be contained between two spheres,

the smaller 433,000 miles, or the semi-diameter of the sun for l'adius,
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tind the larger 619,000, or 433,000 4- 186,000 miles. The volume of

this space is

—

— (5280)3
(10)

9

|
(619)

3 - (433)
3 I cub. ft.

Also, the surface of the sun is 4tt (433)
2
(10)

6 (5280) 2
sq. ft.

Therefore 1 cubic foot of ether is agitated by

—

4 7t(433) 2
(10)

6 (5280) 2 x 5500000

L* (5280)
3
(10)

9

{ (619)
3 - (433)

3 1

5500000 - . , -
loot-pounds oi energy.

5280 x 279000

Let m represent the mass of each ether-particle, or the average

mass if the ether-particles are not uniform, and n the number of

such particles in a cubic foot, so that nm = M •will be the number

of pounds of ether in a cubic foot.

Using the ordinary equation of the harmonic curve

—

• /
2?rz

\y = asm I
—— + a\

it will be seen by differentiating twice that the maximum velocity of

. 2 7r a
any particle owing to any single wave is —-— V , where a is the

amplitude, I the wave length and V the velocity of propagation.

Hence the energy of a particle whose mass is in, under such

circumstances is

—

7Tb '' 7C Ou— —-— V2 foot-pounds.
9 X

Therefore the energy of a cubic foot of ether is

—

,m 2r2 a2 Y2 M 2^a2 Y2

I
9 & 9 ^2

Equating these two expressions for the same quantity of energy

we get as the mass of a cubic of ether

g^ 5500000
lbsM =

2ttV (186000) 2 (279000) (5,280/

It will be seen that the only assumption involved in this calcula-

tion is thac the average velocity of the ether particles may be taken

ito be equal to the maximum velocity in consequence of a single wave

,motion.
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In order to arrive at a numerical result we have to find the value

of — , and of these two quantities only one A has been experi-
Qj

mentally determined.

However, remembering that on the undulatory theory of light a

diminishes with the distance from the centre of radiation we are

certainly safe in supposing that even in the region of space we are

considering a cannot possibly be greater than 200A.

It is scai-cely possible that the velocity of the ether-particles can

exceed 233,626,000 miles per 1", the stupendous rate necessitated by

this supposition. Substituting for ~5Kt\ an<^ multiplying the

result by '5280) 3 we conclude that the mass of a cubic mile of ether

/ l V3

is not less than \ \
) of a pound. Now a cubic mile of air (at

0° 760mm) contains (10)
10

lbs. Therefore air is not more than

4(1 0)
23 times denser than the ether.

Using this value for the density, a sphere whose radius is the

same as that of Neptune's orbit, or 276,000,000 would contain

2(10)
12

lbs. of ether or a sphere whose radius is 95,000,000 miles,

the distance of the earth from the sun, would contain 4,400,000

tons.

If we suppose, as reasoning from acoustical analogies there is con-

siderable reason for doing, that, a instead of being 200 times

greater than A is 5 times less, a cubic mile of ether would contain

iiin)
7 ^S-

'
or a sPnere °f *he same dimensions as the earth would

contain about 6,500 lbs.

After having made the above calculations, and in the course of a

vain search for further data as to the value of — we found that some
a

years ago Sir W. Thomson had attempted a similar undertaking,

and by means of a somewhat different method of investigation, had

arrived at the conclusion that the probable density of the ether was

25 times less than that given above.

Considering the uncertainty of the assumption as to the ratio

between the amplitude and wave-length of the ethereal vibrations,

the coincidence is satisfactorily close.

Although, as has been pointed out, the quantity of energy in the
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universe is invariable and can neither be increased or diminished,

yet by virtue of laws of which we have a particular case in Clausius'

" Second Main Principle of the Mechanical Theory of Heat," the

amount of what may be termed available energy is being constantly

exhausted.

The truth of this, together with many very important conse-

quences which follow from it, was first pointed out by Sir W.
Thomson in a remarkably able paper on a " Universal Tendency in

Nature to the Dissipation of Mechanical Energy." It is simply

another method of saying that no known natural processes are per-

fectly reversible.

A few moments reflection will suffice to show that the main

sources of energy available for man are (1) Food; (2) Fuel; (3)

Water Power; (4) Wind. Of these food and fuel are of the same

nature, food being utilized by means of animal machines, such as

men, horses, &c, while fuel is converted into mechanical motion by

means of engines of various kinds. The mechanical energy which

is thus produced by means of food and fuel is evidently, for the

most part, derived from the heat and light radiated from the sun.

Water power and wind even more obviously obtain their energy

from the same source. Solar radiation is therefore the grand source

whence nearly all the energy available for man is derived.

Various theories have been advanced to account for the enormous

amount of energy in the form of heat and light annually sent forth

by the sun, and of which the earth intercepts a very small portion.

It was, for instance, supposed by some that the sun's heat was pro-

duced by the combustion of its materials. A very few facts will

show that this hypothesis is utterly untenable. The mass of the

sun, estimated from the most reliable determinations of the solar

parallax, has been found to be about 4(10)
30

lbs. The consumption

of a pound of coal is known to produce an amount of heat equiva-

lent to 9,200,000 foot-pounds.

Combining these, we see that if the materials of the sun were

supposed to be capable of producing by their combustion as much

heat as equal masses of coal, an assumption eminently favorable to

the hypothesis in question, the total mass of the sun would be con-

sumed in producing a quantity of heat whose mechanical equivalent

is 368(10) 35 foot-pounds. In estimating the probable density of the

ether, it was found that the quantity of energy radiated from the
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sun was 4 tt(433) 2
(10)

6 (5280) 2 5,500,000 foot-pounds per second, or

(10)
34 foot-pounds per annum. It therefore follows that if the theory

of the origin of solar heat under examination were the true one, the

energy of the sun would be completely exhausted in 3,680 years,

while we know that the quantity of heat radiated from the sun has

been practically as great as at present for millions of years. The

theory of combustion or chemical combination, therefore, falls to the

ground, and it is now generally supposed that the perennial fountain

whence flow the vast energies of the solar system, is the potential

energy of gravitation which is converted into kinetic energy by its.

mass moving towards the centre of inertia of the solar system, and

thence into heat by a mechanism indicated by the physical constitu-

tion of the fiery ruler of the day.

The following investigation will show that this now generally

accepted hypothesis predicates a cause known to be a vera causa

amply capable of producing the results it is supposed to explain, and

that therefore it is not inconsistent with the axiom that the cause

must be equal to the effect.

Let p represent the density at distance r from the centre of a

spherical mass, supposed equally dense at equal distances from the

centre. The elemental mass, therefore, between the spherical surfaces

whose radii are r and r + d r, is p 4 iz r dr.

Taking proper units of force, <fcc, and remembering the theorem

that the attraction of a spherical shell on an internal particle vanishes,

it follows that the force acting on this elemental mass is measured by

the quantity

—

4 it p r drfl 4 iz p r2
dr.

assuming of course the Newtonian law of gravitation. The work

done by this elemental mass moving through an infinitesimal dc, will

consequently be

—

4 7T p r dr/ £ 4 7r p r dr do.

Integrating with respect to dr we get as the total work done

—

/ \ 4 Tip dr.f r
4:7: pr2 dr. > dr.

a formula which will be found to be of considerable use in solving

certain important classes of problems.
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Supposing jo to be constantly uniform if the radius of the sphere

T
be originally a and become a - da, do will evidently be - da, and the

total amount of work done on account of the contraction, will con.

sequently be - M2 — , where M — pa3
, the mass of the sphere.

D a" o

Integrating this expression between the limits a and b we get as,

the amount of work done by a spherical mass M of radius a (supposed

uniform) contracting to a uniform sphere of radius b, - M2
(— - 1

.

5 \b aj

Applying these formulae to the case of the sun whose radius is

433,200 miles and whose mass is 4 (10j
30

lbs., the amount of work
done, or in other words, tne quantity of heat generated, by a con-

traction of 1 foot in the radius of the sun (supposed uniform) will be

found to be represented by

—

3 16 (10 60

5 (433200) 2 (5280) 2

The unit of force used here obviously is the attraction of unit mass

on unit mass at unit distance ; so that the attraction of the earth on.

unit mass at its surface would be represented by

—

4 1

(10)
2
'

33 v
' (400) 2 (5280) 2

4
multiplied by the mass of the earth = — ,10)

60 of these units.
oo

Now this force will cause 1 lb. to move through - = 16'1 ft. per

second.

Therefore a contraction of 1 foot in the sun's radius will generate

a quantity of heat equivalent to

—

3 16 (10)
60 x 33 x (4000)

2 x (5280)
2 x 16T

5
" ~~

(433200) a x 4 x (10)
26

= (10)
33 foot-pounds.

If account were taken of the fact that the sun must become denser

as its centre is approached, this quantity would be considerably

larger.

Accordingly a yearly contraction of 10 feet in the sun's radium

would be amply sufficient to sustain its heat at the present rate of.

radiation.
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A decrease in the diameter of the sun of less than 20 miles would

keep up the supply for over 5000 years. The most refined instru-

ments would not be sufficiently precise to detect so small a variation.

If on the same hypothesis, the sun's radius were to become one-

half what it now is, or the density of the sun eight times its present

value, which would make its density about the same as that of lead,

instead of

—

i?M2

5 (433200, 2 (5280) 2

for a contraction of 1 foot, we should have

3 M
fr5 V 1 (433200) (5280) (433200)5280/

i.e., about 433200 x 5280 times as much heat would be generated.

This would be sufficient to sustain the present rate of radiation

for 22,000,000 years. Similarly if the mass of the sun were equally

diffused throughout a sphere having a radius of 276,000,000 miles,

which is the distance of Neptune from the sun, and were to contract

till it became uniformly as dense as lead, heat enough would be pro-

duced to meet the present demand for 44,000,000 years. Further,

if the solar mass had the same specific heat as water, and were

raised to a temperature of 28,000°, it would contain a store of heat

2,000,000 times as great as the present yearly expenditure.

These figures, curious and instructive in themselves, derive con-

siderable importance from their bearing on the problems of geological

time, when taken in connection with the vast seons considered neces-

sary by most geologists for the formation of the different strata

of rocks, and with the still vaster ages claimed by biologists for the

evolution of the existing and extinct forms of animal life.

The palseontological evidence for the high development and wide

dispersal of organisms, at least in later palaeozoic times, is complete

;

and to the existence of a flora and a fauna, such as that indicated

even in the Cambrian formations, a mild climate is absolutely

essential. Now though climate is profoundly affected by the pres-

ence of mountains and large bodies of water, and even more by

winds and ocean currents, and by the quantities of the variable

elements in the atmosphere, yet to maintain a mild climate the heat-

giving power of the sun must have been materially as great as at

present.
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The heat generated by the sun in assuming its present density and

conformation can not be supposed to be greater than that produced

by contraction from the limits of the solar system to a homogeneous

sphere of one-half its present radius.

This would make 44,000,000 years, the limiting age which can be

assigned to the Cambrian formations.

We shall conclude by applying the principle that the absorptive

power of a vapour is determined by that of the liquid from which it

is derived, to explain the empirical law (enunciated by Mr. McGree)

that any increase in annual or diurnal range is accompanied by a

diminution of mean temperature. The aqueous vapour of the

atmosphere, being derived from water, which has a comparatively

high absorptive power, must also possess considerable power of

absorption, and Tyndall has conclusively shown experimentally that

such is the case. Also, the power of radiation is strictly propor-

tional to the power of absorption, as is known both from theory and

experiment, so that the aqueous vapour of the atmosphere is both a
' good absorbent and radiant.

Now, when the temperature is raised, not only will the aqueous

vapour of the atmosphere be heated, but a larger amount of it will be

formed, and as gases expand when heated, this vapour will tend to

rise to the higher regions of the atmosphere, and radiate its heat

into space. On the other hand, in a comparatively cold season the

relatively cooled vapour tends to descend, the heated vapour from the

surface of the earth ascends, and imparts its heat to cold space.

Also the amount of heat received from the sun may for our

present purpose be considered as invariable from year to year, so that

the two actions above mentioned show that the radiant absorbent

and expansive powers of aqueous vapour combine to lessen the rela-

tive amount of heat retained by the earth, during both exceptionally

high and exceptionally low temperatures, i. e., during a period

of large thermometric range, and consequently to diminish the mean
temperature.

There may be and probably are other con-causes of this effect, but

the one we have assigned is certainly a real and efficient factor

in producing the apparently anomalous result in question.

In the discussion which followed the reading of Mr. Clark's

paper, Mr. Geo. E. Shaw, Mr. J. G. Mowat, Dr. Jos. Workman,
and Mr. J. M. Buchan took part

4
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SEVENTH ORDINABY MEETING.

The Seventh Ordinary Meeting of 1883-84 was held on

Saturday, December 15th, the President in the chair.

The minutes of last meeting were read and confirmed.

The following gentlemen were admitted members :

Mr. R. W. Phipps, Mr. William Leslie Beale, Mr. Arthur J. Graham,
John J. Cassidy, M. D.

List of donations and exchanges received since last

meeting :

—

1. Journal of the Franklin Institute for October, 1883.

2. Tillaeg til Aarboger for Norske.

Oldkyndighed og Historiae, Aargang, 1879.

3. " " " 1880.

Kjobenhavn, 1880-81.

4. Memoires de la Societe des Antiquaires du Nord, Nouvelle Serie, 1881.

5. Bulletin of the Museum of Comparative Zoology at Harvard College, Vol.

11, Nos. 3 and 4.

6. Science, Vol. 2, No. 44, December 7th, 1883.

7. Appleton's Literary Bulletin, December, 1883.

8. Transactions of the Manitoba Historical and Scientific Society, Nos. 5 and 6.

Nos. 1 and 2, 1883-4.

9. Proceedings of the Asiatic Society of Bengal, Nos. 1 to 8, January to
September, 1883.

10. Journal of the Asiatic Society of Bengal, Vol. 52, Part 2, No. 1, 1883.

11. Scientific Proceedings of the Ohio Mechanics' Institute, Vol. 2, No. 3,

September, 1883.

12. Waifs in Verse, by G. W. Wicksteed, Q. C. , Law Clerk House of Com-
mons of Canada, presented by the author.

13. Transactions of the Manchester Geological Society, Vol 17, Part 10,

Sessions 1883-84.

Mr. T. B. Browning, M. A., then read a paper entitled,

" England's Oldest Colony."

Mr. Browning opened his paper by commenting upon the indiffer-

ence with which the Provinces of British North America treat each

other, and proceeded to discuss the rights which the French have in

that part of Newfoundland called the French Shore under the treaties

of Utrecht, Paris, and subsequent arrangements. He also alluded

to the Banks fishery, and stated that the French employ about 700

ships in this and the shore fishery, about 28,000 seamen, and make-
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an annual catch of a million quintals of codfish. The rights of the

French seemed to him to be greatly detrimental to the interests of

Newfoundland, made the richest part of the island practically a

sealed book, and were a continual source of trouble to both England

and France. He further referred to the rights which the Americans

exercise under the Treaty of Washington, and showed that stringent

regulations were become needful, in the interest of all, to prevent

wanton destruction and depletion of the Newfoundland fisheries,

upon which so great a part of the world depended for a great part of

their food supply.

He next described the geographical position and geological for-

mation of the island, its copper, coal, iron deposits, and made
particular reference to currents along shore, which he stated to be

the cause of the many shipwrecks which happen near Cape Race and

St. Shotts. Having called attention to the city and harbour of Sti

Johns, the capital of the island and its principal attractions, he pro-

ceeded to discuss the foreign trade of Newfoundland, which, he said,

is being drawn to the chief town more and more year by year, and

which he placed at $16,000,000 annually. The land question next

came under review in two branches ; first, as regards the waterside

premises of St. Johns which are built on leased lands, the leases of

which expire in a year or two, and concerning which legislative

action is contemplated in the coming session. Newfoundland has

developed with her landlords a crisis similar to that with which

Ontario had to deal in her clergy reserves, Quebec in her seignorial

tenures, Prince Edward's Island in her proprietory rights.

Touching upon the larger question of land tenure Mr. Browning

referred to the decrees of the Star Chamber 1630, to statute 10 and

11 Wm. III., and 15 Geo. III., ch. 31, as establishing communism

in land. No man could own any acre of the soil, no reserves were

given to the Protestant or any other church, and no power was

granted to the governors to pass a title to land. This communism

continued until 1820, and made the country a fishing preserve

for the west country merchants. It enriched England and developed

her maritime power, but impoverished the soil of Newfoundland. A
geographical survey of the country into counties, townships, sections

and lots is still to be made, and is needed for agricultural and,

lumbering purposes.
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He then, referred to certain manners and customs of the people,

particularly to the gambols of Christmas-tide, which, long since dead

in England, nourished in Newfoundland until about twenty years

ago. He gave statistics showing the progress of total abstinence,

and described the chief agencies in the movement as well as the

lineage and religion of the inhabitants of the island. It seems that

the first colony permanently settled in Newfoundland was that

of John Guy, who acted as manager for a company in which Lord

Bacon was a shareholder. Colonies were also formed by Lord Balti-

more in 1623, and several by the French and Portuguese.

The main industries were described as the summer and spring fish-

eries ; the first of cod, salmon and herring, the second of seals. The fish

caught was valued at from ten to twelve million dollars, the number

of seals reckoned at a yearly average of 600,000. The condition of

the fishermen, which had been almost hopeless from the crushing

weight upon them of the supply system, was improving. Education

was doing something for them, facilities of communication more.

Their great need was a home market, at least a market nearer than

Brazil, Spain or Italy. Formerly Newfoundland's surplus wealth

was drawn to the West of England, the shores of the Mersey and

Clyde, but is now adorning her own capital and spreading a spirit

of enterprise among her people. They look to Canada and the

West rather than to Britain and the East. The question of Con-

federation, he said, is with Newfoundland one of terms, and may

be expected to be answered in the affirmative in the near future.

In the discussion which followed Mr. J. M. Buchan, Mr.

Fred. Phillips, Mr. James Bain, jun., Mr. Geo. E. Shaw, Mr.

John Notman, and Mr. B. B. Hughes took part.
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EIGHTH ORDINARY MEETING.

The Eighth Ordinary Meeting of the Session i883-'84 was

held on Saturday, December 22nd, 1883, the President in the

chair.

The minutes of last meeting were read and confirmed.

The following gentlemen were elected members of the

Institute :

—

H. K. Langton, B.A., Charles Miles, C. E., S. George Curry, Architect.

The following exchanges were announced :

1. Annual Report of the Museum of Comparative Zoology at Harvard College

for 1882-'83.

2. Science, Vol. 2, No. 45, December 14, 1883.

3. Monthly Weather Review for November, 1883.

4. Report of the Superintendent of the United States Coast and Geodetic
Survey for the year ending June, 1881.

Mr. Alan Macdougall, C. E , F. R.S. E., read a paper en-

titled :

—

CANADIAN CATTLE TRADE AND ABATTOIRS.

The dependence of Britain on foreign or extraneous sources for

much of its food supplies has led to the formation of numerous in-

dustries all over the world, and especially on the North American

Continent. For its bread-stuffs it may be said to be wholly depend-

ent on the United States, as the quantities sent over from there

entirely dwarf the receipts from European countries. Out of the

amount exported to Europe, Britain receives 75 per cent, of the

wheat, and 90 per cent, of the flour and corn. The wheat crop in

1880 a failure in most of the European countries was a surprisingly

abundant one in the States, and it is due to this that many of these

countries were saved from starvation.

As the intercourse between Britain and her colonies has increased

closer trade relations have been established, and with none have

these relations grown to greater bulk than with our Dominion. Our

export of bread-stuffs are assuming gratifying proportions, year by

year they increase, and year by year the importance of our magnifi-

cent waterways grow in like magnitude. Our exports of bread-stuffs
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have increased to such proportions as to cause the St. Lawrence to

be considered a formidable rival to the ports of the Eastern States.

This route has opened up the way for the export of other agricultural

products, among which is the important trade in cattle which has

sprung up between this Province and Britain. The fattening of

cattle for the British market has been carried on in our midst in

such a quiet unobtrusive manner, few people are aware of the large

volume of trade done in this line, or of its financial results to our

Province and the Dominion.

From the last return of the Bureau of Industries for the Provinces

of Ontaiio and Quebec, it is learned that our Province exported in

the years 1871-'81 :—

Eggs, to the value of $ 4,114,040

Butter " 4,240,564

Cheese " 9,277,459

If the totals given for the two Provinces be taken the exports of

Eggs were of the value of $ 5,283,557

Butter " 29,625,762

Cheese " 37,243,351

It is not necessary for the present jxirpose to detail the amounts

which went to Britain, the States and elsewhere.

The export of cattle and sheep has increased very much within

the last six years, particularly to Europe. The figures to Europe, are :

Year. Cattle.

1877 6,940

1878.. 18,655 .......

1879 25,009

1880 50,905

1881 45,535

1882 35,738

The Shipments to Great Britain, were in

Sheep.

9,509

41,225

80,332

81,843

62,404

75,905

1880. 1881. 1882.

Montreal
Quebec
Halifax

Cattle.

35,416
9,894
5,595

Sheep.

67,943
11,208
2,692

Cattle. Sheep.

32,722
j
39,218

9,212 21,809

3,601 1,374

Cattle.

28,183

Sheep.

65,183

The values of horned cattle and sheep exported in 1882, were for
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HORNED CATTLE.

Ontario . .

.

Quebec .

.

Dommon

.

To Britain. To United States.

Ontario . .

.

Quebec . . .

Dominion

.

$ 72,972
2,316,604
2,706,051 I

SHEEP.

$ 20,976
446,755
510, 152

$ 374,858
45,517

423,807

To All Countries.

$ 449,590
2,363,296

3,256,330

I 491,640
606,050

1,228,957

Beef to the value of $49,798 was exported from the Dominion in

1882, of which $25,095 went to Britain.

The falling-off in the numbers of cattle in 1S82 is due to the in-

creased number exported to the States, and also to the large ship-

ments made in the prior three years, when all the marketable cattle

were sent to Britain, and thousands of beasts left this Province

which ought to have been kept here.

The total returns of cattle exports in 1882 are in excess of those

of other years.

The improvement in quality is becoming more marked every year

by the use of .Shorthorn, Hereford and Angus bulls, which must in

a few years greatly increase the value of Canadian cattle. Mr.

Dyke, the Dominion Agent in Liverpool writes, that our cattle can

compare favourably in points of breeding and quality with those bred

in the best districts of Great Britain, and that this is specially

noticeable in sheep.*

In all agricultural statistics relating to the Province of Ontario,

the Province of Quebec has to be joined as the ports of shipment.

Montreal and Quebec are in the latter, and exports are given from

that Province far in excess of its legitimate trade, and belittling to

our Province. The question is taken up in the last report of the

Bureau of Industries, and ably treated by the energetic head of the

department. He places the proportion for Ontario at 75 per cent,

of the total exports. Prior to 1876 fully 80 per cent, of our exports

went to the States, since that year the returns show a considerable

increase in the shipments to Great Britain.

The total value of agricultural products sent to Great Britain

from the two Provinces during the vears 1871-'81 amount to the

* Sessional Papers Dom. Can. 1S83, App. XIV., p. 199, et seq.
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magnificent sum of $175,042,730, and to all countries to $325,-

919,720.

In the dead meat trade the largest returns are made from the Pro-

vince of Nova Scotia ; this may be due to shipments of dressed

beef and mutton being made in winter when carcases are frozen by

natural means, and are in a condition to bear a long railway journey

and several handlings with impunity, whilst the shipment of live

animals is confined to the warmer portions of the year when navi-

gation is open.

The Dominion does not appear to have entered so largely into this

branch as the States, from which the supply has decreased consider-

ably in the last two or three years. It is affirmed by some authori-

ties that there was not a sufficiently large margin to encourage a

continuance, when Australian meat was being imported so sucess-

fully ; whilst others declare that home consumption has increased,

chiefly in the west and north-west through the large immigration of

the last two years, and consequently the demand was equalling the

supply.

It may not be out of place to mention that in some British cities,

Canadian dairy produce is much belittled, whatever is good in butter

or cheese is called " American," and what is bad American is too

often called " Canadian !" One city can be named in which a depot

for Canadian produce was opened, and where 1 in one of the poorest

and lowest parts of the city !
" American" beef, mutton, butter

and cheese can be obtained at numerous places, while " Canadian"

is unknown.

The present cattle trade was commenced in 1870, and had its

inception in this city. It was really an experiment. No one knew

anv thing of it. Shippers, ship-owners and harbor authorities were

all in ignoi-ance of the requirements of the trade. The first steamer

chartered could only carry 150 head of cattle, and now the same

ship carries 350. At the ports of debarkation no preparations had

been made. It was difficult for the Liverpool harbour authorities to

believe cattle could be brought across the ocean in large numbers

free from infection or dis'ease, when in spite of every care and

attention outbreaks of pleuro-pneumonia and other diseases could not

be checked in Britain.

In the earlier days of the trade heavy losses were incurred. The
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experience of to-day has indeed been dearly bought. Still it is-

highly satisfactory to learn that the losses are merely trifling.

Cattle.
Lost.

Shkep.
Lost

No.

41

54

P, C. No. PC.

The Dominion S.S. Line carried in

1882 6,057
7.963

0-67

070
20,241

21,553
522
989

2-57
4 60Do., 1883

Cattle. Sheep.

Montreal exported in 1876 2,830 2,686

1883 50,365 102,835

It was not until the third season that the Liverpool authorities

became alive to the importance of this trade. When they did so,

with commendable promptitude they erected those handsome and

commodious lairages, pens, slaughter-houses, &o, which now expedite

the trade and allow of a ship-load of animals being slaughtered

.within 24 hours of debarkation.

In addition to all the vexations, losses, <fec, incurred in the earlier

days from the want of sufficient knowledge of the requirements of

the trade, as well as having the opposition of the British farmer and

cattle dealers to overcome, the provisions of the Contagious Diseases

(animals) Acts had to be complied with. The depredations caused

in Britain during the past 20 years by numerous diseases are unfor

tunately only too well known ; in spite of the most stringent mea-

sures, the Government has failed to entirely stamp out these diseases,

and valuable herds and animals are still daily lost by their ravages.

Recent statistics shew that there are in the- United Kingdom
32,237,958 sheep and lambs, the loss due to diseases brought on by

the recent wet seasons is estimated at 2,889,000, or nine per cent.

The Canadian farmer may complain about the severity of the winter,

but he has nothing to fear compared to his British brother.*

To guard against any spread of these diseases strict quarantine laws

have been established applicable to all foreign countries, which neces-

sitated the cattle being slaughtered within 24 hours of debarkation,

and at the port of arrival. It must be a subject of much congratu-

lation and pride to us all, that the Dominion of Canada is the only

country which has never come under the clauses of the Act, or been

Dyke—loc. cit.
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*' scheduled." Fortunate it is for us we ai-e free from restrictions,

and long may we continue to be so. It is only those persons who

have had experience of the workings of that measure who can under-

stand what a bane it is to a country, or how it interferes in its trade.

Exhibitors of live stock have frequently failed to come up to their

usual standard, and orders to slaughter cattle at home markets have

interfered with their prices. Under the Act, every time an animal

is put into a cattle car. the car has to be disinfected before it is

allowed to be used again ; the floor has to be washed out, all offal

removed, and the car has to receive a coating of lime white-wash
;

every pen used for loading, unloading, or holding cattle, be the time

ever so short, has to be white-washed. To move animals byroad,

permission has to be obtained from 'the Local Authorities, who have

plenty of inspectors always on the look out for a breach of the law.

The best illustration of the care devoted to cattle in our province,

is afforded in the large byres in this city for fattening cattle for the

English market. There are at piesent 4,000 cattle distributed over

six large feeding stables, or byres, each of which contains about 600

head ; and there are also a large number of pigs. Each byre is one

open space, there are no partitions, the cattle stand close together from

40 to 50 in a row ; between each row are 2 troughs separated by a

footway for the attendant to pass along, the troughs are sufficiently

far apart to prevent the animals from horning each other. At the

rear a similar arrangement receives the manure, urine, etc., these

troughs are about 3 ft, wide, 3 ins. deep at the top, and 9 ins. at the

outfall. A simply arranged system of sluices lets the distillery wash

flow into the troughs. Overhead is a large loft for hay, having open-

ings directly over each line of troughs, through these the hay is

dropped down directly to the animals. The " wash " is supplied

directly from the distillery which is about 1,100 yards distant; it

comes boiling hot, and is received in large vats holding ."^0,000 gallons

each ; it does not cool very much and is fed to the animals hot ; each

animal receives 20 gallons on the average, per diem. The stalls are

carefully scraped out three times a day, all manure and urine is drawn

into the troughs outside the buildings, from which it is run off twice

a day. The atmosphere of the byres is wonderfully sweet.

After the man ure has been drawn into the outer troughs it is

allowed to settle, and all solid matter is pitchforked on to a planked

roadway, the liquid is further screened by being passed thimigh
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gratings one inch wide, after which it is carried down into the lake

at Ashbridge's Bay. The byres and outfall troughs are all well flushed

with fresh water every day. The solid manure is carted away, daily,

by market gardeners and farmers in the neighbourhood of this city
;

they get it free, each contractor receives the manure of two rows, and

"there has never been any trouble nor has the manure been allowed to

lie for more than twenty-four hours.

The animals come in during the month of October and go out in

•June, during that time they make from 1 ,500 to 1,800 lbs. in weight.

In addition to the 20 gallons of " wash" each animal receives daily,

it gets about a ton of hay during the season; this is fed to allow it to

chew its cud and keep its bowels in order.

There is a great deal of difference of opinion among Sanitarians on

the propriety of feeding animals on "distillery wash" or " dregs.
"

Numerous investigations have been made into its qualities which

•have led to its being prohibited, as far as milch cows ai'e concerned,

in many cities and towns in the States and Britain. The question is

still an open one, however.

ABATTOIRS.

No special care or arrangements appear to have been made in the

early years of this century to regulate slaughter-houses, as we read

that even in such large cities as Paris, London, and Edinburgh these

buildings were in the densely populated parts of these cities ; that

no care was bestowed on them, and that the effluvium arising from

them was overwhelming. Napoleon I. passed an edict regulating

the abattoirs of Paris, in 1810, which fixed their sites, and on these

sites they remain at present. The leading British cities did not

bestir themselves in this matter till about thirty years ago.

The arrangements of the Paris abattoirs have been very generally

followed, the buildings are placed in rectangular order and consist

of the

Echaudoir, or particular division allotted for knocking down the animal.

Bouverie, the spaces, or sheds, where the animals are kept after a journey

to rest and cool till the body gets to a normal condition.

Fondeurs, or boiling down houses, for meat unfit for human use, &c.

Triperies, the places used for cleaning the tripe of bullocks, and the fat,

heads, and tripe of sheep and calves.

In addition there have been lately added a blood house, where all the

blood is coagulated, or treated for the albumen, which is used in
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calico printing. In Edinburgh, the blood which, was at one time-

wasted is now sold and brings from £800 to £1,200 sterling per

annum.

One of the first requisites for a place intended for the slaughtering;

of cattle is absolute cleanliness, it becomes an essential to have all

appliances connected with abattoirs of the cleanest and most simple

and easily-cleaned nature. Vermin must also be excluded from,

them. Tn Edinburgh the houses are built of dressed stone, the floors

are laid on a layer of Portland cement concrete, twelve inches deep,

the surface being paved with large close jointed flagstones ; the road-

ways between the buildings are also laid on cement concrete, the

stone blocks being laid in close sets well jointed. All abattoirs are

at all times open to the inspection of city health officers, and are

supplied with plenty of water for flushing purposes. One of the

best substances for abattoir floors is cement concrete, which can be

prepared to any degree of surface roughness, to prevent slipping

;

being homogeneous and of almost indestructible consistence, it will

stand any amount of wear and tear, and it is very easily washed and

kept clean.

Few of our Canadian cities are well placed regarding abattoir

arrangements, there are too many abattoirs mixed up among dwelling-

houses, and health-inspectors have not yet the compulsory powers

they must have before they can abate these nuisances. The author

has learned, with much surprise, that offal is still fed to hogs at

many abattoirs, and that there is a decided demand and pi'eference

for pork so fed. This reprehensible and dangerous custom cannot be

too strongly censured.

The systems adopted in England for slaughtering and handling the

carcases, are shewn by the drawings on the wall, and are an enlarge-

ment of the arrangements now in use at several pork packing and

other factories ; this system saves all handling of the meat and pre-

serves it better than in those cases where it has to be carried on men's,

shoulders to carts, and upon carts to the butcher stalls.*

It is to be hoped that in any new abattoirs to be built in any of our

cities, care will be taken to arrange everything with a view to absolute

cleanliness, and that a plentiful supply of water will be laid on.

Proper buildings can easily be erected lor the destruction of all waste

* The abattoir machinery referred to is known as Meiklejon's Patent Abattoir Machinery and

Fittings. Further information on this matter can be obtained from the author.
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matter, or the conversion of it into chemical manure for which a

market can readily be found ; by these means what is now a foul

nuisance and decided evil can be remedied at a moderate cost, the

health of the municipality guaranteed, and much valuable matter now
being lost turned into a source of revenue.

In the discussion that followed, Dr. Oldright stated that

50,000 gallons of liquid manure mingled with solid particles

are daily carried into Ashbridge's Bay to the detriment of the

health of those residing in the vicinity. The slaughter-houses

are abominable, and that on the Don is a worse nuisance than

Mr. Gooderham's byres. He thought that anything that made
life less enjoyable, should, if possible, be done away with, even

though it might not be practicable to show that there was a

direct connexion between this particular nuisance, and the

prevalence of any given disease or class of diseases. He
asked the assistance of the Institute to enable the Board of

Health to carry certain changes in the law in the general

interest of the public.

Mr. George Murray spoke as to the advisability of devising

laws for the prevention of such nuisances.

Mr. George Acheson raised the question as to the whole-

someness of meat in which the blood has been allowed to

remain.

Mr. Alan Macdougall thought that to feed pigs on animal

offal increased their liability to become infested with cestoidea,

chiefly the trichina spiralis.
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HYPNOTISM AND ITS PHENOMENA..

BY P. H. BRYCE, M. A., M. B.,»L. R. C. P. & S. Edin.

(Read before the Institute on the 11th Ma<xh, 1882.)

In choosing this subject upon which to base some remarks, I feel'1

how imperfectly anything I majr say can serve to convey to you any

adequate idea of the strange series of phenomena attendant upon the

hypnotic state. My excuse, however, for choosing it must be given

in the fact that some months ago a patient came under my charge,

after having passed through the hands of several physicians, who had

given different opinions as to the real nature of her malady. Seeing

her for the first time, I was at once struck by the similarity of her

condition and appearance to certain patients I bad been accustomed

to see in Professor Charcot's wards in the Hospice de Salpe*triere in

Pai'is.

Her lower limbs were found in a condition of tonic rigidity, while

various clonic contractures were taking place in various other sets of

muscles. With the ophthalmoscope I endeavored to make out the

vascular state of the retina, but was through her movements unable

to do so. To perfect, however, my diagnosis I tried the hypnotizing

experiment, and in a short time she had passed into a profound

slumber. After she had so passed into a slumber I raised an eyelid,

thus allowing light to strike upon the eye, when I found that a state-

of complete cataleptic rigidity had seized upon that side of the body.

My diagnosis was finally made beyond doubt when I found that

the slightest pressure over the ovaries, after she was again awake,

proved their state of extreme hyperesthesia by inducing an hystero-

epileptic attack which was checked by continued firm pressure upon

them. Before me was, in very truth, a case of Hystero-epilepsy,

precisely similar to those seen in Prof. Charcot's wards, and which

have excited the wonder of all scientific men, who have ever had the

good fortune, while in Paris, to visit the wards of Salpe"triere.

From the nature of the case it will be impossible for us to study

the phenomena of hypnotism without to. some extent introducing
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other phenomena always present in hypnotic subjects (especially in

hystero-epileptics) ; and since my experience of such is limited only

to those persons, who have come under the charge of physicians, I

shall leave to the apostles of animal-magnetism to explain the spiri-

tual relations which they ostentatiously assume to exist between them-

selves and those to whom they communicate the fluidic force from

their over-charged and hypermagnetic souls.

I have chosen Dr. Braid's word, Hypnotism, in preference to som-

nabulism as expressing more exactly the condition, and nothing more,

which we wish to consider ; and further prefer it to Charcot's word

of " lethargy," applied to the state, since in our language this word

has a meaning hardly applicable to what we wish to express.

Perhaps there is no subject about which have hung more awe-,

inspiring ideas and morbid curiosity than about this of hypnotism

—

or if we would rather somnabulism, mesmerism, aut alter ; and

there is no scientific subject at the present time which presents more

physiological difficulties or pathological interest than the hypnotic

phenomena, attendant upon certain—to use the mildest term

—

functional maladies. It would be foi'eign to the purpose of this paper

for me to enter into any lengthy historical account of the many
fanciful ideas, which have grown up around our subject ; nor would

it be very edifying to re-count the confused mass of credulity, char-

latanry, and science, which has in the past, and in many quarters

does still form part of the conception associated with the term

hypnotism. Still it may be interesting to note that I have found in

an edition of G-alen that magnets, incantations, &c, are spoken of

as therapeutic agents in mental affections ; and I may further remark

that Charcot has become so convinced that the New Testament de-

moniacs were persons afflicted with no- other than epileptic and
• hystero-epileptic maladies, that, having witnessed so frequently

amongst his own patients paroxysms similar to the recorded ones, he

has actually had sketches made illustrative of these scriptural

demoniacs. But within the present century we see an outgrowth

from these pathological conditions, which have hypnotism as a

phenomenon, in that pseudo-science termed variously animal-magne-

tism, biology, mesmerism, &c. It would seem as if there have been

too many persons so filled with love for the extraordinary that when

they encounter certain facts apparently inexplicable, instead of en-

deavouring calmly to search out causes prefer to rest in supernatural
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explanations. With such then animal-magnetism has taken its

origin. According to them some mysterious, imponderable, yet

potent fluid passes from person to person : the manipulator of spirits

has, doubtless at first honestly, and then afterward with conscious

deception, thought his power over the passive subject of his will to

be due to some peculiar magnetic virtue in his own constitution.

In such persons has the hydra-headed monster of Spiritualism been

..conceived and reared ; and only recently have scientific men been

found brave enough to face credulity and ignorant prejudice, and deal

with certain undoubted facts, endeavouring to explain them upon the

true basis of physical and psychical science. We shall not trouble

, ourselves with the empiric consultations and diagnostications of

Teste and Deleuze, finding thereby diseases that have never had an ex-

istence ; nor how Yasseur-Lombard cured cancer by magnetism, nor

yet of how diseased plants have been stimulated by its mysterious

power to a more vigorous growth ; but we shall endeavour, in at

most a very imperfect way, to study some of the phenomena of this

neurosis, produced, it may be, artificially or by pathological causes.

Defining then our subject, we would say that there are certain

persons, mostly females, of such constitution, that they, by certain

manipulations, simple or more or less complicated, may be brought

into such a neurotic condition as that they may be made to pass into

. a deep sleep in which they may be kept at will for an almost indefinite

number of hours. Such then is the apparently simple fact of hypno-

,
tism ; but this apparently simple fact, I think we shall see as we

proceed, will become one both of very great interest and of much

difficulty as regards its explanation.

And first it becomes necessary for us to consider whether in this

condition of hypnotism the physical system is in exactly the same

condition as in natural sleep. As we all know the factors which

enter into the causation of the unconscious state known as sleep are

so varied that it is most natural that many explanations have

been given of the state. Sbmmer, as we know, supported by Pet-

tenkbfer and others, believed that sleep means exhaustion of the

oxygen of the blood and tissues, which has taken place during the

, day, and that, when this is again stored up at night in sufficient

.quantity waking follows. While in all probability the fact of there

being a -greater consumption of oxygen during the day than at night

is probably true, yet we are hardly prepared to accept the theory of
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sleep founded on one isolated though comprehensive fact. Dr. Cappie's

theory is one which seems to comprise many more of the factors enter-

ing into the causation of sleep. Briefly, he says : ( I) there is with the

growing exhaustion, towards evening, of all the tissues a lessened

molecular activity of the cerebral cells, and (2) coincidently there-

with a change in the capillary circulation of the brain so that less

blood is supplied to the brain, and hence the volume of the brain is

less. But (3) this situated within the immobile capsule of the

cranium must have the hitherto occupied space, now again filled
;

hence, as Arthur Durham remarks, the result is that the blood in

the venous sinuses is increased. But further, Mr. J. Hilton, F.R.C.S.,

remarks that the cerebro-spinal arachnoid fluid always equipoises the

haemic condition of the brain, and especially of the parts surround-

ing the ventricles—thus resting the brain ; and not only so, but

also the relation between this fluid and the blood is always one of

unstable equilibrium. But, once more, Dr. Hughlings Jackson has

shown that the ophthalmoscopic disc is in sleep always in an anaemic

condition. Now all this seems simple enough, yet I doubt not that

many abnormal states may arise which will be found difficult to co-

apt with this theory. However, this theory would further seem to

be supported by what we find present in many pathological condi-

tions. Thus we know that in active delirium, dependent upon an

hyperaemia and inflammation of the brain, sleeplessness is a common
symptom, e. y., acute mania and the early stages of acute meningitis

while again in the later stages of both there is unconsciousness and

more or less complete coma arising from venous stasis and effusion of

lymph into the cerebral tissues. This in an organ with such an enor-

mous capillary circulation—the encephalon containing, according to

Haller, \ of the total blood of the body—must produce the most dis-

astrous effects upon its functional activity as has been experimentally

shown in many ways. Thus pressure upon a portion of brain exposed

by a fractured cranium has immediately produced a suspension of its

functional activity, thereby inducing unconsciousness. That it is

anaemia which has produced this state is evident from the fact that

a removal of the pressure brings back immediately functional activity

of the part.

Before we endeavour to draw a parallel between the physical con-

ditions of natural sleep and induced hypnotism, we shall try and ex-

plain how the anaemia of natural sleep is produced.

5
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First, then, we think it now conceded by all that there is a natural

law by which all oi'ganic life unconsciously seeks rest, in order as it

were to store up energy for the renewal of active functions. As far

as we know all animals follow this law : we know as well that plants

do. How this takes place in plants we know in the fact that the

actinic rays of the sun, aiding the decomposition of carbonic acid by

the plant and the assimilation by it of carbon, thereby become the

exact idex of this functional activity. Nothing then seems more

certain than that man's physical, and likewise intellectual, nature

seeks in sleep that rest which enables the various organs to revitalize

themselves by both lessening the physical waste, and the storing up

of new energy. But this process, inherent in the natural constitution

of man, must of course be carried on by means of natural processes.

What are these 1 Following out embryogenic changes we must

necessarily place nutrition of blood and its i-enovation first. But

since nerve force is that which evolutionary progress has carried to

its highest point of development in man, we feel that in adult man

it should almost be placed first, so potent a regulator has it become

of the processes of nutrition. We may say then that nerve force

exists through all the degrees from extreme nerve tension to that of

complete nerve relaxation, the various degrees depending upon the

ability to assimilate nourishment, derived from the blood and external

warmth, light, exei-cise, &c. Now in trying to explain physical

phenomena and the part played by nerve matter in them, it is neces-

sary to proceed with the greatest caution, since we frequently find

popular expressions and scientific expressions diameterically opposed

to one another. Thus the popular expression for nerve anaemia or

nerve debility is nervousness, which in reality ought to mean the

very opposite, viz., nerve force; and so a whole series of misused

expressions originating in wrong pathological ideas might be given.

Starting then somewhere in the complex circle of cause and effect

let us suppose that nerve force is given. Now it seems generally

accepted that the ganglionic system of nerves, which especially sub-

serves the functions of organic life, is that too which, by giving nerve

supply to the muscular tissue of the blood vessels, regulates the blood

supply of a part, either by contraction of the walls lessening the

blood supply, or relaxation causing a temporary hyperaemia. (It

should be noticed here that the hyperaemia attendant upon inflam-

mation seems to some extent at least dependent upon some morbid
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condition of the blood, affecting the vitality of the walls of the

vessels ; but more probably it is largely due to sensory reflex action

of the nerves.) That this latter seems the commoner mode of action

would seem to be shown from the fact that emotional influences of

joy and pleasure with their opposites of sorrow and anger, produce

their regular effects of heightened circulation in the capillaries in

the one case, and pallor from spasmodic contraction of the same ves-

sels in the other. We must here add to this the important factor of

sympathetic nervous influence directly exerted upon the heart, pro-

bably from the vaso-motor centre in the medulla oblongata upon the

accelerator ganglion in the one instance, and the depressor ganglion

in the other, both of which have their supposed centres in its muscu-

lar tissues.

We now would seem to have sufficient data wherewith to proceed,

in our endeavour to explain the phenomena of hypnotism. We have

explained the supposed physical conditions tending to produce sleep.

Have we the same present in induced hypnotism 1 It seems to me
that in a large degree we have. It is perfectly well known that the

hypnotic state cannot be produced at will in all persons, and in others

only with various degrees of ease. It is true, moreover, that persons

in whom hypnotism can be produced are almost invariably those of

an emotional tendency, or those in whom the equilibrium which in<

health exists between the cerebral and spinal systems is most readily

destroyed—certainly those in whom the sympathetic nervous system,

is most readily acted upon. Nothing can express our views upon

this point more exactly than the quotation of M. Jaccoud's remarks

concerning hysteria. He says :
" The physiological characteristics of

Hysteria depend upon the importance of the opposing relations which

exist between voluntary or cerebral innervation, and the involuntary

or spinal. The performance of the regular functions of the nervous

apparatus depends upon the natural and innate subordination of

spinal activity to that of the cerebrum ; this established hierarchy

(which demonstrates among other things the experimental study of

reflex motility) is the absolute condition of the normal harmony of

'

the nervous functions. Now in hysteria this harmonic equilibrium

is always broken and always in favour of the spinal cord ; thus is

produced a disorder which bears fatally upon the collective functions

of innervation—a veritable cerebro-spinal ataxia which constitutes

and characterizes the decay of cerebral action, and the predominance
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of spinal action." He further remarks that the physiologist may

produce the same condition in three ways : (1) by exaggerating the

excitability of the spinal system by irritation of the centripetal

nerves; 2) by exaggerating directly the action of the cord itself;

and (3) by suppressing the functions of the brain.

These three conditions have each their pathological analogies, and

they contain in themselves the totality of the pathogenic conditions

of hysteria. Whatever has been the causation of this malady*

he further says, we have always these two fundamental elements

united, viz. : (1) the weakening of cerebral action, especially that

of the will, and (2) the exaggeration of the automatic or spinal

action (hyperkinesie spinale).

Thus we see that in these hysterical patients we have emotional

subjects who are readily impressed by whatever may affect the

sympathetic system, in other words, who are ruled too frequently by

the emotions and too seldom by the will,—or as M. Jaccoud so well

expresses it :
" There is at least temporarily present a cerebral

paresis." Now physiologically what does this mean 1 It must mean,

if we adhere rigidly to the belief that the more or less complete

abeyance of functional activity in a part is necessarily dependent

upon a corresponding temporary absence of force-producing materials

in the part, and, so far as we know, this means arterialized blood.

For instance, pallor is an anaemia of the capillaries of the skin
;

while we have, unfortunately, too many examples showing that the

functional activity of an arm or leg depends directly upon its nutri-

tion. Moreover, our best authors give among the causes of hysteria,

loss of blood, prolonged lactation, &c. The first of these shows

that other than purely female disorders may be causes of this malady,

i. e., hysteria may occur in delicate and impressionable males as well

as in females.

In claiming the anaemia theory as explaining these states I am
perfectly well aware that there are some authorities, notably Brown.

Sequard, who are opposed to it as being in many cases a sufficient

explanation of either hysteria or epilepsy. I find in notes taken from

his lectures on the peripheral irritation of nerves, that his explana-

tion of these pathological conditions is not on the supposition of any

slow or sudden unequal distribution of blood to the brain, but that

he considers the attacks essentially due to reflex action from peri-

pheral sensations creating impressions upon the brain centres. Then
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follows a citation of cases where peripheral irritation induced epileptic

attacks. No doubt these cases are facts, but I am inclined to the

belief that most, if not all, of them can be explained on the anaemia

theory. Let us select one example from many. He cites a case

where disease of the supra-renal capsules induced epileptic attacks.

Now, here it would seem as if we had present much the same sort of

peripheral irritation of the nerves, which we have in ovarian hyper-

aesthesia, &c. ; and each is followed by an attack or paroxysm, due, we
have reason to believe, to the irritation to the ganglionic nervous

system inducing contraction of the brain, capillaries, &c. But, to

proceed, assuming that since the hypnotic state is induced principally

in persons of natural or induced emotional tendencies, and that in

such there is present more or less of a cerebro-spinal ataxia, i. e., a

temporary suppression of will power or cerebral force, we neces-

sai'ily have present a condition of cerebral anaemia, or the very same

physiological condition which Cappie, Durham, Jackson, Schiff, &c,

agree, is present in normal sleep.

Let us now refer to some of the conditions which exist in hypnotic

individuals. You will remember the hypnotizing experiment used

as a diagnostic aid in the case already referred to. The method, as

remarked by Prof. Charcot, made use of for inducing the hypnotic

state is for the most part immaterial, the subjective state of the

patient being apparently the necessary condition. What, however,

in most cases seems necessary is a fixity of gaze, or at least some impres-

sion made upon the visual organs, which we may consider in the light

of an irritant. Thus the patient looking fixedly for a few seconds at a

single point, placed a few inches in front, and a little above the level

of the eyes, is seen to have the pupils first contract and then soon

dilate, with this the eyelids are seen to droop, and the patient simul-

taneously shows signs of muscular relaxation; the head falls to one

side or forward, stridulous breathing supervenes for a few moments,

then the patient passes into a profound sleep. Other means, such as

looking at a bright piece of silver, the Drummond light, or even

closure of the eyelid with slight pressure on the eyeball, have all

been used, producing the same results. We are now brought to the

exceedingly difficult question of the physiological changes which

have here taken place. To physiology, rather than pathology, must

we look for our answer. First, then, we recognize the fact that the

impression made by light or by pressure is made upon the retina,
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thence the optic nerve. Thus, with the light we have the special

irritant applied to this nerve of a special sense ; and, as proved

anatomically as well as by physiological experiments, this nerve

reflects its impression along the third {3rd) nerve to the iris, through

the ophthalmic ganglion, and, as we know, instantaneous iris con-

traction is the result. But the impression reflected upon this gang-

lion has for us the highest interest. In it are ganglion cells with

fibi-es connecting with other sympathetic ganglia. Now, however great

or little may be the optic sensibility here, we are certain of one thing

in these cases, and that is of an extreme hyperesthesia of the gang-

lionic nervous system. Since externally in the changes of the

iris, we can see the proof of the above supposition, it seems logical

for us to assume that the sensation reflected from the optic nerve

creates upon the ganglionic system such an impression that it is

communicated to the vaso-motor centre—seated in the medulla

oblongata—of the cerebral arteries ; and that thence is communicated

an irritation which causes an instantaneous contraction of the cere-

bral arteries, (possibly also by the irritation supplied to the depressor

ganglion of the heart,) thus creating an anaemia, an abeyance of

cerebral functions, and as a consequence the hypnotic state. This

hypothesis seems quite the same as the one by which Ferrier accounts

for related cases, where from emotional states, as anger, &c, spasm

of some of the cerebral arteries has taken place, producing temporary

blindness, deafness or aphasia, or which wera relieved by the use

of the magnet overcoming the spasm. We must not forget to note

as a factor in this hypnotizing process, that in all such subjects the

will-power has been passing into abeyance, since we have already seen

that in proportion, as this is absent the spinal, and certainly the

sympathetic, hyper-excitability is increased.

Here again let me quote from M. Jaccoud on " Cerebro-Spinal

Irritation," words appropriately describing the condition here present.

He says:—" The abnormal excitation of the cerebro-spinal system,

causes its tirst effects to be felt upon the vaso-motor system, whose

impressibility is so readily shown by the instantaneous production of

pallor and of blushing, whence an anaemia or rather secondary

ischaemia, both of brain and cord, which increases the disorder of

excitability and transforms it into a persistent condition of irritable

feebleness. Both clinical facts as shown by Eerrier and the experi-

ments of Van der Becke, Callenfels, Nathnagel, and Krishaber have
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placed these hypotheses in the region of verified facts." How incon-

ceivably impressible is the nerve system to influences, seems to be

further substantiated I'rom recent experiments by Jaeger, so wholly

new, and, if true, so remarkable that I cannot refrain from a brief

reference. To use his own words concerning his experiments with

the chronoscope, he says, with reference to neural analysis :

— " My
discovery relates chiefly to the yemeinge/uhl (collective-feeling,

emotions), which by physiologists is distinctly separated from the

perception by the senses (the philological difference between soul

and mind corresponds exactly to this physiological difference). The
essential peculiarity of the emotions is that the accompanying func-

tional changes are not limited only to a few anatomical parts of the

body, but concern all parts of its muscles, nerves, glands, &c. In

other words emotion is a condition of the whole body. Hence it

follows that not only the sensory nerves undergo a change, but also

the muscular or (i. e., motor) nerves. That which is changed is the

nervous excitability, and that which produces these changes are

soluble substances which enter into the liquids of the body, and

amongst which the volatile ones (odorous) produce the greatest effects.

The changes of excitability are indicated by the motor nerves as a

quantitative index of the conductibility of these nerves for percep-

tions. Thus we are enabled graphically to illustrate the peculiarity

of the emotions by registering an involuntary movement, viz., that of

the heart, since every such substance entering the system affects the

rhythm of heart and pulse, and may be measured by the sphygmo-

graph. Thus what the nerve of smell, smells, nerve of taste, tastes,

and nerve of sight, sees, are all registered by the muscle nerve. He
then gives diagrams of sphygmographic tracings of curves of joy

(Jargonelle pears), of anger (rancid butter), of nausea (bad drinking

water, &c. ). Now, allowing that there is a basis of fact underlying

what to many may seem fanciful theorizing, we further see how im-

pressible is the nervous system, as shown time and again by Charcot's

method for ending the hypnotic state by simply a puff of breath

upon the face of the patient.

From these extended remarks, then, it would seem as if we have

something like a definite explanation possible of the causation of the

hypnotic state, which we may describe as at least a functional patho-

logical state, having its near analogue physiologically in sleep, but

with several additional phenomena superadded; and of all these the
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most prominent is a remarkable condition of general hyperaesthesia

of the spinal system of nerves. But we must beware of making

this a too distinctive phenomenon of hypnotism, since we know that

not only are different individuals very differently susceptible to*

external influences while asleep, but also that the same person at

different times sleeps with varying degrees of sensibility to external

impressions.
•

We have now to notice the condition into which the svstem is

thrown during the sonmabulistic state. Necessarily it is one in

which cerebral force is wholly in abeyance. A most interesting

illustration of this is seen in some of M. Charcot's experiments.

For instance, a patient whom we may call Marie, is hypnotized ; her

eyes are opened by the operator, and she is told to look carefully at

the bystander, that he is Ernestine, a friend of hers. Her eyes are

again closed and her friend Ernestine is bixnight forward, and in the

same manner Marie is told that Ernestine is the bystander. The

operator now puffs upon her face and Marie awakes and treats

the bystander as Ernestine, and Ernestine as the bystander. This

delusion persists a long time unless she is again hypnotized, and the

hallucination resolved. As we know, destruction of the cerebrum

in frogs not only does not destroy, but seems to augment reflex spinal

movements ; and since, as we have seen, a hyperaesthesia is more or

less constantly present in, at least, plaques or parts of the bodies of

hypnotic patients, we naturally expect them while asleep to be pecu-

liarly susceptible of external influences. Others again exhibit, what

may be deemed truly wonderful, sensibility even while awake to exter-

nal impressions. A Dr. (Jowan, relates in the London Lancet, that a

patient of his was so sensitive to external impressions, that the flying

of a bird past a window with drawn curtains, and with the bed.

curtains also drawn, produced in her a sudden jerking of the spinal

muscles, extending, if violent, to the hands and legs, and all this

without any conscious mental emotion. The same person heard, and

was affected by sounds not appreciable to other persons,, these sounds,

producing similar reflex movements to those of sight. Besides such

examples we have many other examples of reflex spinal acts, as

nausea and vomiting from bad sights or odours, quite apart it may

be from any mental emotion. What, however, is most to be

remarked in all these cases of undue reflex spinal acts, in these

functional maladies at anyrate, is that their force is exactly in



HYPNOTISM AND ITS PHEEOMENA. 7$

proportion as cerebral influence is in abeyance ; and further we
notice that the longer this state exists so much the more difficult

is it to regain cerebral control over reflex spinal movements. Many-

instances of this latter fact have been witnessed in the hystero-

epileptic patient already alluded to. Thus while examining the eye-

with the ophthalmoscope I have asked her to look down, up, <fcc. At
times this has been done with ease, while at others no apparent

efforts on her part could overcome the ataxia due to the lack of cere-

bral force over reflex spinal action. Again the hyper-excitability of

afferent sensory nerves induced by this condition is in its effects

readily appreciated. Let us suppose a patient hypnotized and sleep-

ing quietly, the whole muscular system being apparently relaxed.

Here we find that the sensibility is so great that very slight friction

along the course of any nerve causes tonic contractures of the corres-

ponding muscles supplied by its branches to take place. This I have

frequently witnessed in sets of muscles in all parts of the body.

"What the pathological condition is, inducing this state is in some in-

stances difficult to explain ; but a curious experiment which I had

the good fortune to witness in M. Charcot's laboratory would seem1

to throw some light upon the subject. There was present a patient,,

very healthy-looking, well developed, of fair complexion, and of

sanguine temperament, but one of peculiarly emotional tendencies.

The experiment upon her was as follows : She, having been first hyp-

notized, was sleeping peacefully while sitting in her chair. An
assistant now bandaged the right arm, and having tied it above the

bandage showed it to be anaemic. N"ow by slight pressure upon the

ulnar nerve at the elbow the forni of contracture en griffe was set up>

in the corresponding fingers of that side. A large magnet was then

placed in contact with the left arm when, wonderful to relate, there

followed a slight muscular tremor in the muscles of the left arm, and

thereafter the same contractures took place in the muscles of that

hand, the contractures on the right side being correspondingly re-

laxed at the same time, but by irritation were again induced, there

being contractures thus present in both at once. I did not hear

M. Charcot's theory as to the causation of this phenomenon, but

it seems to me that we have a right to assume that :— (1) anaemia of

the right arm made it verv irritable and sensible of impressions
;

(2) when the cerebrum was even slightly impressed it set up motor

reflex action and contractions took place
; (3) and in the third, and
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strangest of all, that of the magnet's influence, we must assume

that it, like the static electricity of the plate electric machine pro-

duces with its high tension a state of extreme hyperaesthesia, or

impressibility, so that the impression made upon the sensory centres

from the right arm irritation, is now great enough to excite through

the commissural fibres the same reflex action on the left side. But

further, it was found that on removing the tourniquet from the right

arm the contractures of the left gradually relaxed, and the con-

tractures came back again in the right arm, but slowly and not very

completely.

We must confess that we have present what seem to be at first

two contradictory phenomena : (a) anaemia producing hyper-excita-

bility in one arm, (b) while in the other tonic magnetic influence has

produced, at least as far as effects go, a similar state of great

sensibility.

But though we may fail in fully explaining this peculiar condition,

yet I think we can gain at least one step in advance by noticing an

explanation given by Dr. Broadbent concerning some of the causes

of paralysis from hemorrhage into the corpora striata and thalami

optici. He thinks it can be shown that where the muscles of cor-

responding parts of the body constantly act in concert the nerve

nuclei of these muscles are so connected by commissural fibres as to

be pro tanto a single nucleus. Now supposing that the magnetic

influence has greatly increased the impressibility of the left side we

may fairly infer that the reflex action setting forth from the sensorial

nucleus which was impressed by the irritation on the right side, and

which caused the tonic contraction of muscles in the right arm (being

of a certain quantity which we may call as), has been transferred to

that muscle having the greater temporary conductibility. Thus we

have now relaxation in the muscles of the right arm, and the pheno-

menon of tonic contraction in those of the left. Let us now remove

the temporary stimulus of the magnet and we have the original im-

pression made upon the nucleus, again transferred to the right arm

but in a greatly diminished degree, since this side has again become

that of greatest excitability.

Before closing there is another condition induced in patients whilst

in the hypnotic state so strange—we might say marvellous—and

unusual that it demands some few remarks. I refer to the remark

already made that, when the one eye of a hypnotized patient is
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opened, the impression, produced, we must assume, by light induces some

new condition by which that side of the body of the patient is thrown

into a cataleptic state. Now before inquiring what this change is,

it may be well for us to try and explain the pathological condition

present in a catalepsy which may attack persons without their first

passing into the hypnotized state. At the outset we must confess

to the unsatisfactory information which most of our authors give lis

on the subject. All that even Bristow says is, " that in cataleptics

we have a class of cases difficult to classify, and difficult to attach to

specific lesions or specific conditions of the nervous system." We
do find, however, in M. Jaccoud already quoted from something

which really does aid us.

He says :—" Catalepsy is a spasmodic paroxysm and is constituted

of two elements: (1) the suspension of cerebral operations, or their

external manifestations
; (2) the increase of the spontaneous and

reflex tonicity (innervation de stabilitd) in the muscles of animal

life. The abolition of cerebral action presents itself under two forms

(rather degrees) which imply different organic localizations : in one

(a) there is total loss of consciousness, viz., of sensation, perception,

ideaism and its consecutive acts, and this can be interpreted only by

the inertia of the grey substance of the hemispheres ; in the other

(b) consciousness is not suspended, perception and ideasim are com-

plete, but lack the last link of the chain, i. e., the motor intuition

cannot be communicated to the motor apparatus. Here it is clear the

cortical substance is normal, but the inertia is in the conductive fibres

which bind together the organizing apparatus and the performing appa-

ratus. Nevertheless the result is the same ; tonic spasm is present,

keeping various sets of muscles in whatever position placed. And this

tonic spasm (spasmes du tonics) is a lasting tension. Here we have

a most noticeable fact in the marked increase in the innervation of

of stability. The tension keeping up this stable condition of the

muscles must be looked upon as a reflex phenomenon, provoked by

the molecular change (elongation or shortening) which the communi-

cative movements cause the muscles to undergo. It is this molecular

change which is the centi'ipetal excitation necessary to all reflex

movements ; and this stimulus repeats itself every time that the

muscle is moved. One difficulty exists in the constant relation

which binds the quantity of tension to that of passive movement in

such a way that tlie reflex spasm produced by this latter is always
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rigidly adequate to it, and arrests the muscles exactly in the position

which one gives to them. Benedikt notes, concerning this point,

that according to the researches of Volkmann the contractile capacity

of muscle augments or diminishes according as it is shortened or

elongated by traction." Evidently, we think, M. Jaccoudhas thrown

much light on the pathology of the symptoms of catalepsy ; but as

he says, the causation of the malady is yet obscure ;—or, how are

produced those opposed states of the cerebral and spinal centres, and

why are the symptoms limited to the muscles of animal life ^

Referring again to the cataleptic condition associated with the

hypnotic state, we ask what changes take place in the system, which

by the simple raising of an eyelid effect the change into what M.
Jaccoud says is^ one of increased spontaneous and reflex tonicity 1

First, then, in hypnotism the first of Jaccoud's cataleptic postu-

lates is present, viz., the suspension of cerebral operations and their

externa] manifestations. How has it been possible for light to pro-

duce all these changes'? We have already noted the hyper-excita-

bility of the muscular nerves present in hypnotism, causing muscular

contractions when subject to the slightest irritation. We have

further supposed that light has been the excitant or irritant inducing

sleep with cerebral force in abeyance. Again we must remember
the muscular relaxation taking place when hypnotism is induced.

Evidently then our assumed nerve spasm has here passed off. But
on opening the eye of the patient the excitant is again present with

cerebral operations wholly in abeyance ; hence we may suppose that

the irritant affecting the optic nerve not only renews the spasm

previously present and setting out from the sympathetic nerve cells

residing in the medulla oblongata, thereby not only making the

cerebro-spinal ataxia more complete, but also as a consequence

leaving the spinal cord perfectly separated from cerebral influence ;:

and, moreover, having an irritant in the form of light constantly

producing a central influence upon it, we have it held in a state

accurately defined by M. Jaccoud as innervation de stabilite.

But, gentlemen, our already too long paper must be brought to a

close. These hypotheses and suggestions are only made by us as

possible explanations of a series of phenomena both strange and

unusual. It will indeed afford us a real pleasure when advancing

medical science will have rescued many of these questions from the

mists still enveloping them, and when the pure light of day will be
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seen illuminating them as it now does the many common maladies

which we daily encounter. Most truly would we express the fervent

prayer of Tennyson :

"Let knowledge grow from more to more,"

for to no other as much as to the true physician does this desire come

that thereby the sum of human ills may be lessened, and the sad-

dened face of a suffering humanity be illumined, let us hope, with

spontaneous gratitude towards a profession which, with all its imper-

fections, is yet most earnest in the promotion of man's highest

mental as well as physical well-being.

Many are the points concerning these neurotic puzzles which we

have left untouched ; but it is hoped that other more experienced

minds, and pens, wielded by other more facile hands, will take these

up, adding thereby to the sum total of that medical knowledge, one

of the many glories of the future for, as our Laureate sings,

" And the thoughts of men are widened with the process of the sun."
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The contribution contained in the following pages to the know-
ledge of the skin and its sense-organs, in one of the commonest of

North American Siluroids (Amiurus catus), may be regarded as an

extension to this species of the results obtained by various enquirers1

as to these structures in different European Teleosts. No new facts

of great importance are recorded, except in relation to certain struc-

tures which are apparently comparable to the nerve-sacs of the

Ganoids. The description is chiefly based on sections from skin har-

dened in chromic acid in the manner employed by Pfitzner2 in his

study of the epidermis in Amphibia. Far from complete as a histologi-

cal study, the account will serve to indicate the chief gaps which exist

in our knowledge of the organs concerned, with regard, e.g., to the

development and function of the " clavate" cells, the mode of ter-

mination of the nerves in the ordinary epithelium, as well as in the

neuro-epithelium of the sense organs, &c. The species will commend
itself to American Histologists for the investigation of these ques-

tions, not only on account of its ready accessibility and the ease

1 Especially Leydig.

" Ueber die Hautdecke and Hautsinnesorgane der Fische." Halle, 1879.

*Morphol. Jahrb. VI., 475.
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with which it may be kept in confinement, but chiefly because the

entire absence of scales will allow of the application of various histo-

logical methods which it is impossible to carry out after decalcifica-

tion. With the aid of those methods which have been employed in

the study of the moi*e difficult points in the histology of the epider-

mis of higher forms, the skin of Amiurus ought to yield more easily

than most other Teleosts, results of great interest and probably of

general application to the order.

A'vertical section of the skin of the head (Fig. 2), indicates the rela-

tionship of the various layers of Epidermis and Corium, the elements

of which I shall first describe before discussing the peculiarities of

the skin in different regions.

The following different kinds of cells may be detected in the Epi-

dermis :

—

a. Superficial Cells.

6. Polygonal Cells.

c. Spindle-shaped Cells.

d. Palisade Cells.

e. Mucus-Cells.

f. Clavate Cells.

g. Pigment Cells.

h. Non-epithelial Elements.

(a) Superficial Cells.—The superficial epidermal cells are distin-

guished by their smaller size and flatter form from the underlying

polygonal cells. The nucleus, which is always distinct, measures

about 4 ;j., the layer of protoplasm outside that rather less than 2 ft,

while the whole cell is rarely higher than 8 [i. Ko special cuticular

border exists, but all the protoplasm outside the nucleus appears to

be denser than the remainder of the cell-body. Although I find it

easy enough to detect pore-canals in the cuticule of Petromyzon, I

fail to see them in the border of the superficial cells in Amiurus.

Rather a striation parallel to the surface is to be detected. It is

possible that other methods of preparation than hardening in chromic

acid may show the existence of such. The superficial cells are not

always flat, but often triangular, with the apex projecting beyond

the free surface. This gives a somewhat irregular superficial out-

line. Fig. 1.

(b) Polygonal Cells.—These hardly differ except in size from the

superficial cells. The nuclei are much larger, as much as 8 p, and
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the cells proportionately large. In preparations where the elements

have been dissociated in Miiller's fluid, the cells are much more

irregular than they appear in sections ; and are further rough with

the protoplasmic projections, ' intercellular bridges,' which establish

connection with their neighbours. In the lower layers they gradu-

ally become somewhat changed in outline until they acquire the

form of

(c) Spindle-shaped Cells.—These form a considerable part of the

thickness of the epidermis. In length they may measure as much as

35 (i, their nuclei, from 8-9 /*, occupying the greater part of the

breadth of the cell. They form a transition from the more super-

ficial layers to

(d) The Palisade Cells, which, however, may be twice as long,

and rest with a broad base on the surface of the corium. Under
certain changes produced by reagents, the palisade cells are sepa-

rated, to some extent, from the corium, being still connected with

it by protoplasmic filaments. The appearance is then produced of a

space separating the two layers and only traversed by the filaments

aforesaid.

(e) Mucus-Cells.—These are common to all Pisces, and produce

the slime which covers the surface of the skin, and which also invests

the cavity of the mouth. They appear to be distributed equally over

the skin except where they are interrupted by the presence of the

cutaneous sense-organs. Sections which have been stained in Bis-

marck brown are unquestionably best suited to the study of these, the

intracellular net-work taking on a most characteristic and vivid

stain. The cells are not confined to the uppermost layer of the epi-

dermis, but are formed by the conversion of ordinary lower poly-

gonal cells, which at first aequire a round outline distinguishing

them from their neighbours and gradually become considerably large.

Thus, a mucus-cell which has not yet reached the surface but is fully

grown, may measure 20-25 fi in length. As the surface is approached

the outline becomes more oval, and when the cell eventually opens

by a distinct aperture between the ordinary epidermal cells the oval

outline is more elongated. The intracellular network which at first

appears to be formed of meshes equally strong indifferent directions

then takes on a different character. Its elements are chiefly dis-

posed longitudinally immediately after the expulsion of the little

plug of mucin which also stains in Bismarck brown. Then only is
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the nucleus visible, being left behind in the basal part of the cell

surrounded by a scanty amount of apparently unaltered protoplasm.

(f) Glavate Cells.—These gigantic cells, first described by Leydig

as ' Kolbenzellen,' enter very largely into the formation of the epi-

dermis in Amiurus, as indeed into that of many fresh-Water fishes,

such as the eel, burbot, and tench. They have also been examined

with care by Pfitzner in the skin of salamander larv*, and are de-

signated by him ' Leydigsche Schleimzellen.'

It is with some difficulty that one succeeds in getting ' clavate

'

cells (as they may be termed) isolated. After twenty-four hours in

Midler's fluid the other epithelial cells fall readily asunder, but the

clavate cells are generally surrounded by a sort of capsule formed

of the neighbouring ordinary epidermal cells. These may be in time

brushed off, but they invariably leave their trace upon the outer

surface of the wall of the clavate cell in the form of a reticular

sculpture. When freed from the adherent cells the clavate cells of

Amiurus are found to vary considerably in their form ; the smaller

ones are rounded or oval, and this is the case also in young fish, but

in adults the proximal end tapers and frequently divides extending

down towards the corium, but getting no nearer than the row of

palisade cells between which the divided ends frequently dovetail.

The clavate cell has a distinct wall, which, like the wall of other

epidermal cells, is merely the outermost layer of the protoplasm,

acquiring a certain amount of independence with the age of the cell.

In small cells and in young forms I find the clavate cells filled with

a granular substance which has a certain refractive aspect, and con-

tains one large or two smaller nuclei in various stages of separation

from each other. In preparations from adult skin the contents of

the clavate cells are very different ; vacuolation has set in either at

one or both ends of the cell, generally at the proximal end first, and

the vacuoles which are occupied by a colourless fluid are separated

by a network of protoplasm still in contact with the rest of the

granular substance. Also in the neighbourhood of the nucleus doe&

vacuolation take place, resulting in a clear area through which only

a few protoplasmic fibres straggle from the nucleus to the granular

matter. Vacuolation proceeds till very little of the granular matter

is left, but that generally assumes a somewhat crescentic outline at

the broad end of the cell, forming a sort of cap— ' Kappchen '—to

the rest of the contents. By the time this process has advanced so^
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far the granular substance has lost much of its granular appearance,

has become more homogeneous, and takes on a slight stain from vari-

ous reagents (red from picrocarmine) which it formerly refused to do.

The larger clavate cells may attain a length of 100/-/., when the

nucleus if single may be as much as 25// in diameter, while if two
be present they are rarely more than half that size. The nucleus

is generally vesicular, having a distinct membrane, a single distinct

nucleolus and a scanty nuclear network, all of which stain with the

ordinary nuclear reagents. In spite of the very favourable size for

such purpose, and of the fact that nuclei are present in all stages of

division, I have not been able to make out distinct nuclear figures
;

but when the chromatin is not disposed of as above it appears to

be scattered in figures, in which it is impossible to detect any plan.

Occasionally four nuclei are met with instead of two, and I have

even met with cells containing a greater number, without any indica-

tion of subdivision of the cell itself.

There can hardly be any doubt that the clavate cells have an im-

portant physiological role to play. What that is remains still obscure.

They are chiefly developed in those forms where the skin is naked,

or the scales rudimentary (Lota), and no doubt they are engaged in

the secretion of some substance which acts as a protection in lieu of

these. Their reaction to various staining fluids indicate that this

secretion must be very different from that which is the product of

the ordinary mucus-cells which are present everywhere throughont

the class. Perhaps Pfitzner's suggestion that the secretion may be

poured out into the intei-epithelial spaces so as to prevent the entry

of water may not be very far from the truth. It is certain at least

in Amiurus that there is no aperture to the clavate cell such as the

mucus-cell possesses, and their position indicates that lubrication of

the surface is not their function. Occasionally a clavate cell may be

seen in sections protruding from the surface (Fig. 2), but such

appearances are probably due to a defect in the superficial layers of

the epidermis, and to the action of the hardening reagents.

(g) Interepithelial Pigment-Cells.—I do not remember to have

seen the source of these cells discussed ; it is possible that develop-

mentally they may belong to the next group. In young stages the

interepithelial pigment is very abundant, forming a continuous net-

work of cells only interrupted by the cutaneous sense organs. In

the adult skin the individual cells are more independent, and gen-
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erally considerably more branched and possessing more delicate

processes than the pigmentary cells of the corium.

(h) Non-Epithelial Elements.—Certain small bodies of nuclear

appearance are met with frequently in the lower layers of the epider-

mis surrounded by a scanty protoplasm. In size the nuclei agree

fairly well with those of the amoeboid cells of the connective tissue.

It is possible, however, that preparation with suitable methods might

indicate the existence of interepithelial nerves, a matter which de-

serves investigation since Pfitzner's1 discovery of the nerve endings

in the epidermis of amphibian larvse.

The following layers are present in the corium of Amiurus which

does not appear to present any peculiarities in this respect not met

with in other osseous fishes :

—

(a) The pigmentary or papillary layer.

(b) The stratified fibrous layer.

(c) The adipose layer, or subcutaneous connective tissue.

(a) The Pigmentary Layer.—The palisade cells of the epidermis-

rest immediately upon a ' basement membrane,' from which in

hardened preparations they are readily detached, leaving behind

them the membrane with a distinct jagged edge. The teeth of

the latter are probably protoplasmic processes serving to connect

the cells with the underlying structures similar to the 'intercellu-

lar bridges ' of protoplasm of the higher cells. In the reticular

connective tissue which follows the basement membrane are found

the vessels and nerves destined for the supply of the epidermis.

The pigment cells which are so abundant here are very different

in form from the interepithelial pigment cells (Fig. 1) ; they are

much larger and have short lobate processes rarely connected

in the adult with those of neighbouring cells. This layer would

not deserve exclusively the name of pigmentary layer in young

forms, where I find a second almost equally strong layer below the-

stratified fibrous layer, which disappears, however, in the adult with

the exception of a few scattered cells.

As the papillae vaiy much in number in different regions of the

body the papillary layer is necessarily modified by its projection into

these structures which contain exactly the same elements, and are-

iMorph. Jahr. VII. 726.
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generally conical in form. The palisade cells radiate from the papillae

just as they do from the corium itself, and the result is that where the

papillae are frequent, the interpapillary epidermal cells look as if

arranged in pockets between them. (Fig. 2).

{b) The stratified fibrous layer exhibits the disposition so well

known in other osseous fishes—strong parallel bundles penetrated at

intervals by vertical fibres.

(c) Beneath the above is the adipose layer, which differs conspicu-

ously both in thickness and in the character of the tissue in various

regions, a difference chiefly due to the mode of arrangement of the

fat therein. The adipose layer is separated from the underlying

muscles by a membrane formed of bundles chiefly parallel to the

surface of the skin.

THE CHARACTER OF THE SKIN IN DIFFERENT REGIONS.

Apart from the modifications induced by the presence of the cut-

aneous sense-organs, the skin exhibits characteristic peculiarities in

different regions. Thus, on the lips the clavate cells are absent, and

the mucus-cells also few in number, the ordinary epidermal cells

making up the rather exceptional thickness of the epidermis in this

region. It is, perhaps, owing to the great numbers of sense-organs

that these peculiar elements of the epidermis are absent, because

elsewhere, in the immediate neighbourhood of sense-organs, the same

peculiarity is noticeable.

The fibrous layer of the corium in the head is generally much

thinner than that on the trunk ; On the other hand, the subjacent

adipose layer is thicker in the former than in the latter region. The

epidermis is somewhat thicker on the sides of the head than on the

upper and lower surfaces, while on the trunk the reverse obtains. This

is apparently due to a greater number of clavate cells in both cases.

Again, in the neighbourhood of the vent and urogenital papilla, the

clavate cells are absent, or, at any rate, very sparingly represented.

Important points of difference between the skin on the lateral region

of the trunk and that of the head may be gathered from a comparison

of Figs. 1 and 2. In the former region the papillae of the corium are few

and scattered, and the clavate cells are generally only in a single layer.

In the latter the papillae are so frequent that the epidermis looks on

section as if it were arranged in pockets between them. There the

clavate cells are in several layers, and they adapt themselves to the



258 PROCEEDINGS OF THE CANADIAN INSTITUTE.

exigencies of their position, confined as they are by the papillae, so

that they lie frequently transversely with their narrow ends extend-

ing downwards. (Fig. 2.)

The ventral surface is characterized by the total absence of pig-

ment, which is true of the corium as well as of the epithelium.

ABNORMAL CONDITION OF THE SKIN.

In two successive Springs I have observed certain tumours of the

skin of a somewhat spongy appearance which do not appear to be

confined to any particular region of the body but are commonest on

the head and in its neighbourhood. I have, however, observed them

on various parts of the trunk. It is possible that these are to be seen

also at other times of the year, but, as they have only attracted my
attention in Spring, I supposed at first that they might be somewhat

similar to the ' Perlbildungen ' described by Leydig, or comparable

to the more extensive epidermal changes which take place at the

breeding time in many Cypxinoids. That they are not frequent is

sufficient indication that they are not normally recurring structures
;

and Prof. Leydig informs me that the histological change is not of

the same nature as that which characterizes the ' Perlbildung.'

Their appearance and the condition of their occurrence appear to me

to exclude their being merely a reparative proliferation after a wound,

and I have arrived at the opinion that we have in these tumours

something similar to Epitheliomata.

If a portion of such a tumour be placed in Midler's fluid over night

and the epidermis pencilled away, the slender papillae stand up from

the corium so as to form a sort of pile on its surface. The dissocia-

tion of the epidermis takes place much more readily than in normal

skin, partly owing to the fact that the superficial layers, especially

that bearing the cuticular border, have disappeared, partly owing to

infiltration into the interepithelial spaces. The altered papillae

instead of being short, simple and cylindrical, may attain a length of

over 1 mm., be much branched, and sometimes flattened and palm-

ately branched. For the nourishment of the increased epidermal

surface, the vascular networks of the papillae are much richer, and an

increased number of pigment cells are observable. Although the

papillary layer of the corium is thus increased in thickness, the

fibrous layer is much thinner than in the neighbouring unaffected

parts of the skin. The nature of the cells, which fill up the inter-
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papillary spaces, varies according to the part of skin where the

tumour is attached. On the lips, for instance, where there are no

clavate cells, the interpapillary spaces are chiefly occupied by spindle-

shaped cells, but elsewhere, where clavate cells occur, these also are

proliferated, being found in regular nests such as are represented in

Fig. 3. Everything indicates rapid division, but no further peculi-

arity has attracted my attention nor can I furnish any explanation of

the appearance of these, no doubt, pathological growths.

CUTANEOUS SENSE ORGANS.

Within recent years important contributions to the knowledge of

the sense organs lodged in the skin of Teleosts have appeared. Fol"

lowing up his earlier researches Leydig1 has recently described those

of Esox, Gasterosteus, Acerina ;md Lota. Solger 2 has studied the

organs of the lateral line in various forms, and Bodenstein3 has given

a careful description of those of Cottus gobio.

I have not had access to Merkel's work4 in which5 a sharp distinc-

tion is drawn between two classes of cutaneous sense organs. Those

which he terms ' End-knospen.' (end-buds), the ' beaker-shaped

sense-organs ' of Leydig, are lodged on papillee of the cutis, and,

although freely distributed over the skin and in the mouth cavity of

Teleosts, are only found in the latter situation in higher vertebrata,

where they reappear as taste-bulbs. To the second class belong the

end-organs of the nerves, which are distributed to the lateral line and

the ' mucous ' canals of the head. Merkel terms this second class

' Nervenhiigel,' (nerve-hillocks), and points out their tendency to

withdraw themselves for protection from the surface of the integu-

ment within more or less completely closed canals, although, primi-

tively, all nerve-hillocks are free and exposed to the surrounding

medium (except for a protecting tube of cuticular origin), and in some

species such ' free-organs ' are alone present. The end-buds, on

the other hand, are always flush with the surface, certain of the ele-

ments even projecting beyond it, and indeed may be carried beyond

the general level of the integument where tactile sensibility is at its

highest development, as in the Kentucky blind-fish (Amblyopsis)

,

the Indian Cyprinoids recently described by Leydig, and, in fact, in

1 1. c. p. 22, et seq. * Arch. mik. Anat. XVIII., 384. 3 Zeit. wiss. Zool. XXXVII,, 121.

* " Ueber die Endigungen der sensiblen Nerven in der Haut der Wirbelthiere."

* Vide Wiedersheim Lehv. der vergl. Anat. S. :-i-
r
,s.
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the Siluroids, where the barblets, like the pectinated ridges on the

head of Amblyopsis, are little else than carriers of such end-buds.

F. E. Schulze had already pointed out the difference in form of

the sensory cells in these two kinds of end-organs, those of the nerve-

hillocks being short and conical in form, while those of the end-buds

are long and rod-like. That this difference of form con-esponds also

to a difference of function has been rendered certain by the study of

the nerve supply of the nerve-hillocks, and many facts point to the

truth of Mayser's suggestion that we have in the ' mucous ' canals of

the head and of the lateral line with their contained nerve-hillocks, a

low form of auditory organ. In describing further on the origin of

the nerves distributed to the mucous canals of the head in Amvu/rus,

we shall find further support for Mayser's theory.

This sharp distinction between the two classes of organs does not

appear to be recognized by Leydig, who finds that in the pike the

organs of the lateral line and the beaker-shaped organs agree essenti-

ally in their structure. My observations on Amiurus convince me
that the neuro-epithelium has a very different character in the two

sets of structures in that genus. As I have no new details to offer

with regard to the structure of the end-buds, I shall only devote a

short space to the description of their situation, number and form.

(a) End-Buds.—End-buds ai^e to be found in profusion in Ami-

urus, for tactile sensibility is at its highest development. Not only

are they present in great numbers within the cavity of the mouth, on

folds of mucous membrane on the gill-arches and on the contractile

palate, but the snout and skin of the head, and especially the lips,

are thickly covered with them. They diminish in number backwards,

and are less frequent on the trunk, as may readily be inferred from

their function. They may be most easily studied, however, where

they reach their greatest size, and are most closely crowded together,

i.e., on the barblets, which are solely for the purpose of increasing the

functional range of the end-buds, and are little else than modified pro-

jections of the skin stiffened by a cartilaginous axis attached to under-

lying bone, and bearing on each papilla an end-bud. There are eight

such barblets in Amiurus ; the 'nasal' project upwards in front of the

posterior nares, and are supplied by a large branch of the R. ophthal-

micus profundus. The ' maxillary ' are the largest and most freely

i Zeit. fur wiss. Zool. XXXVI., 312.
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moveable, being attached to the style-like superior maxillaiy bones,

and indebted for their nervous supply chiefly to the Br. maxillares

V., although they also receive branches from the Br. mandibulares.

Attached to the under-surface of the mandible are the four ' mandi-

bular ' barblets, supplied by the Br. mandibulares V.

If the tip of one of the barblets of a young specimen be examined

in the fresh condition the end buds are visible both from the surface

and in profile. From the latter point of view the organ almost in-

variably appears to have a mouth (owing to the retraction of the

central zone of the neuro-epithelium), and this appearance is general

also in sections of hardened specimens. Leydig, who has observed

this phenomenon, attributes it to contractility on the part of the

peripheral zone of cells. From the surface view it is easy to distin-

guish the two zones of the neuro-epithelium, and likewise in sections

which pass transversely to the end-buds. The central cells, which, as

distinguished from those of the mantle or periphery, are the sensory

elements, occupy the whole length of the end-bud. Difference in

form in end-buds from various regions appears to be largely due to

the bases of the peripheral cells, which . sometimes are considerably

swollen round about the nucleus, at others remain slender even

there. On the barblets the end-buds are almost cylindrical in form,

and are crowded especially towards the tips. In a hardened speci-

men where the interpapillary epidermis is 200 i± thick, the cylindrical

end bud extends through 120 /jl, the papilla occupying the rest of the

thickness. The transverse diameter of the end-bud at its mouth is

17 /x, and each end-bud is separated from its neighbour by about

twice its width. In young specimens the end-buds are even more

crowded, and stand out even more strongly than in the adult from

the rest of the barblet, for the interepithelial pigment cells form a

complete and close net work in the young, but afterwards become

scattered in the adult. The pigment cells do not encroach upon the

end-buds whence, apart from their form, their isolation of the latter

from the rest of the epidermis.

In other regions the cylindrical form gives place to elongated oval

or pyriform shapes. Elsewhere the same length is not attained as

in the barblets, although the transverse diameter may be consider-

ably greater.
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(b) Nerve-Hillocks.

(1). Sense Organs of the" Lateral Line and of thf, 'Mucous'

Canals of the Head.

The system of cutaneous canals which lodge from place to place

the sensory nerve-hillocks was at one time described as the system of

' mucous ' canals, owing to the belief that the skin owes its slimy

surface to the secretions of these. It is now very well known that

the sliminess is due to the mucus-cells described above, and that

any mucus which is found in the interior of the canal system has the

same sort of relation to the nerve-hillocks as the endolymph in the

auditory labyrinth to the macula? acusticce. The fact that the canal

system has a very free communication with the outside, renders it

probable that the surrounding medium must penetrate it in such a

way as to dilute any mucus present.

The canal system in Amiurus possesses the arrangement which is

•commonest among Teleosts, that is to say the canal of the lateral

line is entirely imbedded in the cutis, and opens only from place to

place by the pores, while it communicates anteriorly with the more

complicated canal system of the head. In other Teleosts the scales

of the lateral line are modified in various ways both by the presence

of the canal and its pores, but as these are entirely absent in

Amiurus, the pores are simpler in their structure. It is very much

easier to study the apertures of the canal in the fresh condition than

in a preserved specimen, owing to the absence of pigment in the

immediate neighbourhood of the pores, and to the fact that their

edges are somewhat swollen.

All of the lateral pores are similar in character, with the exception

of the two terminal pores, which are near the caudal fin, and which

open obliquely into a small detached portion of the canal. This is,

no doubt, a relic of the interrupted lateral canal seen in other

Physostomous forms e.g. Esox. Forty pores are present on each

side : as the number of pores corresponds to the number of nerve-

hillocks (although opening into the canal at some little distance from

these), and the spinal nerves ai*e also present in the same number,

it is obvious that the sense organs of the lateral line are disposed

in a metameric fashion here as in other Teleosts.

The lateral canal corresponds exactly in position to the cleft

between the dorsal and ventral divisions of the lateral musculature.
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The R. lateralis vagi which supplies the sense organs of the canal is

not situated in the subcutaneous tissue beneath the canal, but a little

distance inwards between the two masses of muscle, a branch being

detached to pass outwards to each nerve-hillock. In transverse

sections through the canal, it is obvious that it is situated between

the epidermis and the stratified fibrous layer of the corium, being

lodged in what is elsewhere the pigmentary layer of the corium,

although the pigment is practically absent in the neighbourhood of

the canal. The epithelium of the canal which is quite low, except

where it is transformed into the neuro-epithelium of the nerve-

hillock, is continuous at the pores with the surface epithelium of the

skin. An exceedingly delicate connective tissue surrounds the

epithelium, separating it from the proper wall of the canal, which is

formed in the neighbourhood of the pores of a dense connective

tissue whose elements are disposed radially to the wall of the canal,,

but in the neighbourhood of the nerve-hillocks, and indeed for the

greater part of the canal between the pores, by a much thinner layer

of osseous substance, so disposed as to form a complete tube for the

greater part of its course, but less complete towards its ends. No
bone corpuscles are present in the osseous wall of the canal, as is

also noted by Leydig and Bodenstein for the forms described by

them. I am unable to identify the above-mentioned dense connec-

tive tissue with cartilage as Bodenstein does, the corpuscles are quite

similar to connective tissue corpuscles, and there is no matrix stain-

ing in Bismarck brown, as is the case even in cartilage which has a

minimum of intercellular substance. Separating the dense wall from

the surrounding tissues is again a layer of reticular tissue belonging

to that which I have above spoken of as the pigmentary layer of the

corium.

The lateral canal of the adult is approximately -2 mm. in transverse

diameter ; in young specimens of two inches in length, hardly one-

third of that. ,

To study the course of the mucous canals in the head a series-

through young forms is most convenient, although approximately the

direction of the canals may be seen also from the pores. (Figs. 4,.

5, 6.) The pores do not open directly into the canals of the head

as they do into that of the lateral line, but by longer or shorter

tubes—a circumstance noted also by Bodenstein for Coitus—and con-
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sequently the direction of the canals can only be approximately

determined by the study of the surface.

Within recent years the study of the course of the mucous canals

has received an impetus from the discovery of their relation to the

morphology of the skull, and accordingly it will be found detailed

in Prof. McMurrich's paper on the osteology of this species.

The canals in the head vary considerably in their dimensions
;

their diameter is on the whole greater, sometimes twice as great as

that of the lateral canal, and their walls are different in so far as

the protective canal is formed of true osseous substance throughout.

Except in respect to the greater size of the nerve-hillocks, the lining

epithelium appears to be very similar. A transverse section through

a nerve-hillock from a young specimen is represented in Fig. 7. The

upper half of the tube is occupied by the ordinary epithelium, which

becomes thicker as it approaches the neuro-epithelium, projecting

inwards so as to lessen the cavity at this place. Two kinds of cells

are to be distinguished in the neuro-epithelium : sensory cells, short

and oblong, occupying the inner half of the height of the epithelium,

and indifferent cells (Stuetzzellen) occupying the whole height with a

basal nucleus. The latter are more frequent at the point of passage

into the ordinary epithelium. Fig. 8 l'epresents a section of a macula

acustica from a fish of the same age, drawn under similar conditions
;

the resemblance of the two kinds of neuro-epithelia is particularly

striking. In Fig. 7 the whole height of the neuro-epithelium is 37 fi,

of the sensory cells 15*5 fi ; the nuclei of these are 6-5 //., of the

indifferent cells 4-5 fi. The latter stain very densely in carmine, con-

trasting with those of the sensory cells in this respect. Here and

there between the indifferent cells are structures which are possibly

nerve fibres in section.

To return to the course of the canals in the head. It will be

observed from Fig. 6 that the lateral line rises as it passes forwards

towards the posterior upper angle of the gill-cover. Before reaching

that a short tube is given off which opens in the skin over the

ascending process of the supraclavicle. Directly over the posterior

upper angle of the gill-cover is another pore (Figs. 4 and 6) and in

front of that another. At the plane of the latter the canals of the

two sides communicate by the ' occipital commissure,' which again

has two apertures near the middle line. The canal proceeds forwards

from this plane, and again opens by a short tube over the articula-
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tion of hyoruandibular. With Bodenstein I find no communication

between the principal canal and that which is lodged in the preoper-

culum and mandible opening with eight pores on either side. (Figs.

5 and 6).

From the hyomandibular articulation the canal passes forwards

and inwards giving off the infraorbital branch which passes through

the infraorbital chain of bones and terminates in the adnasal or

antorbital bone, which is the most anterior of these. In its course

the infraorbital canal first opens directly behind the eye, then by

two pores below it and one in front, and finally by two in the same

transverse plane behind but lateral to the anterior nasal aperture.

The supraorbital canal may be regarded as the continuation of the

principal canal ; immediately after giving off the infraorbital branch,

a tube is directed backwards which opens behind the first infraor-

bital pore, but near the middle line. From this point the canal

inclines distinctly towards the middle line, opens by a pore in the

plane of the eyes, by another medial to the posterior nares, and

terminates by two pores which lie in the same sagittal plane over

the medial division of the nasal sac. No further communication

takes place between the supraorbital and infraorbital canals of the

same side, nor do the supraorbital canals of opposite sides meet in

the middle line as in Cottus. The chief departure from Wieder-

sheim's diagram (p. 359 I. c.) consists in the independence of the

mandibular branch, and the absence of an anterior anastomosis of

the infra- and supraorbital branches—features which are common to

Amiurus and Cottus. On the other hand, Cottus differs from

Amiurus in possessing one median and two lateral pores in the occi-

pital commissure, and in the supraorbital branches meeting each

other in the middle line before they give off a single backwardly-

directed tube in place of the two noted above.

(2). Accessory Lateral Organs.

In various Teleosts the lateral line is not an uninterrupted canal

as in Amiurus, but may be regularly interrupted as in Esox, two or

more uncanaliculated scales separating those which are canaliculated.

" As if in compensation, however," says Leydig1

,
" additional scat-

tered canaliculated scales are present above and below the lateral

line, to a certain extent accessory or rudimentary lateral lines, as

1 1. e. p. S3.
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they have also been named." Such a condition does not occur- in

Amiurus ; but other accessory protected nerve-hillocks are present,

of which I can find no mention in the literature of the subject,

unless they prove to be structures similar to those described by

Leydig in the pike and burbot. He says of the former :
" In addi-

tion to those ' lateral organs ' which are present along the principal

and accessory lateral lines they are distributed also elsewhere. On
the trunk they are arranged in rows transverse to the long axis of

the body. Each row may be composed of six to ten hillocks. In

such spots the pigment of the skin, only approaches so as to form a

sort of boundary line, and the slime cells are likewise absent, so that

the row of sense-hillocks has something of an isolated character,

although not situated within a furrowed scale."

" To give approximately the number of transverse rows of sense-

hillocks is impossible, as I have not succeeded in recognizing them

with the loup on the unwounded skin. Horizontal sections and

microscopical investigations will be necessary to determine their

number and arrangement."

" On the skin of the head, e. g., the region of the cheeks, beaker-

shaped organs of the usual size ai*e to be found, as well as others

which are not inferior in size to the nerve-hillocks of the lateral

lines, so that it is indifferent what name we give them."

"It is worthy of remark that the beaker-shaped organs of the pike

and the organs of the lateral line on the trunk agree essentially in

their structure."

Of Lota, Leydig says (p. 39) :
" In the head region the pores of the

mucous canals are also present, but more numerous, and although for

the most part restricted to the course of the mucous canals, they are

also to be found in spots far from any mucous canal. The same is

the case on the trunk. If all of these points are actually pores of

the system of mucous canals, the principal tubes of these must send

off long branches in the corium to open in this manner. It is pro-

bable, however, that the structures indicated are nothing but large

beaker-shaped organs."

As has been remarked above, Leydig does not sufficiently dis-

tinguish in the above passage and elsewhere between 'beaker-

shaped organs ' and ' nerve-hillocks.'

Amiurus possesses certain structures which I am inclined to believe

are comparable to the scattered nerve-hillocks described by Leydig
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in the pike, but perhaps more closely resemble the structures which,

in Lota, communicate with the outside by scattered pores. The

structures to which I refer open by slit-like apertures very different

in character from the ordinary pores. It is only in the fresh skin that

they can be readily detected, and then it is owing to the deficiency of

pigment in the wall of the slit similar to that which occurs in the

mouth of the pore, that they stand off from the rest of the skin. In

size they vary considerably. Some are larger, others much shorter

than the pores, but all of them are very much narrower. The

most easily recognized are those which form a sort of accessory lateral

line stretching obliquely downwards and backwards from the upper

angle of the gill-slit. They are accompanied and probably supplied

by a distinct branch of the Ramus lateralis vagi, which runs along the

line of junction of the lateral and ventral musculature, but another

very distinct row is to be found almost parallel to the praeopercular

mucous canal, running down over the M. adductor mandibular. Both

of these are indicated by the dotted lines on Fig. 6. Again, in front

of the dorsal fin similar slits occur, several very distinct behind the

occipital pores, others less so, disposed transversely to the long axis

of the body.

I have no preparations of the adult skin which pass through these

structures, but in a series through a young fish of two inches in

length, made for a different purpose, I find certain detached flask-

like sacs traceable through three or four sections, which communi-

cate freely with the outside by apertures which are, no doubt, the

above-mentioned slits. These sacs appear to be irregularly scattered,

at any rate, as Leydig observes in relation to the pike it would be a

work of some labour to map them out, but although often far re-

moved in the trunk from the lateral canals, they appear to be always

grouped near these in the head. They are especially numerous in

the neighbourhood of the nerve-hillocks, and are thus found especi-

ally on the snout, below the eyes, on the cheeks and in the occipital

region. I recognize the same structures also in the much younger

forms whence Fig. 7 is taken, and as well in the one series as in the

other, the difference between these sacs and the end-buds is very

striking. Although the central-cells of the end-bud may be retracted,

as noted above, so as to form a little recess in the mouth of the

' beaker,' the whole organ does not extend down to the corium but

is lodged on a papilla extending half-way up through the epidermis,

20
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the end-hud consequently corresponding in length only to the other

half. Otherwise with the sacs in question : the corium is hardly

disturbed by their presence : the bases of the epithelial cells which

form the fundus of the sac resting on it at the same level as the

ordinary palisade cells do. In preparations where the epidermis is

110 [i thick, the cavity of the sac is 80 fi deep, 18 ft wide in the ex-

panded fundus, and 6 /j. in the narrow neck. Whether the aperture

of the sac, which widens somewhat from the neck, be much larger

than it is broad (i.e., slit-like), in the stage in question, I am unable

to say, from the vertical sections at my disposal, but I am inclined to

think not. The walls of the sac vary in thickness from without in-

wards ; in the aperture the ordinary surface epidermal cells are found,

but the neck is bounded by cells, which are oval in outline where

they look into the cavity, (the long axis being disposed trans-

versely to the long axis of the sac), while their flattened opposite

ends converge downwards towards the corium, being imbricated

round the cells of the fundus like the scales of a bulb. The fun-

dus is occupied by a nerve-hillock, the neuro-epithelium of which is

quite similar to that in the ordinary canals, although, perhaps, only

three or four of the short sensory-cells may be counted in one section.

In my sections the hairs and bristles have not been preserved ; dif-

ferent methods of preparation would, of course, be necessary to de-

termine further the histological peculiarities of the sacs both in the-

youno' and adult. A.11 the cells that look into the sac, except those

of the neuro-epithelium, have a distinct cuticular border, which is

directly continuous with that of the superficial epidermal cells. In

still younger stages than that described the cavity of the sac com-

municates much more freely with the outside, and the characteris-

tic flask like shape has not yet been assumed.

I have not studied the cutaneous ' nerve-sacs.' first discovered by

Leydig, which replace ordinary free nerve-hillocks on the head in

Ganoids, nor can I refer to Merkel's work in which these are accu-

rately described, but from the account (based on Merkel's) which

Wiedersheim furnishes of these, 1 I am inclined to believe that we

have here small 'nerve-sacs' of a similar character. It will be

observed, if the above description be compared with that which I

translate from Wiedersheim, that the agreement between the struc-

» L. c, p. 361.
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tures in question is close. " They are small, hardly over 1 mm. in

size, and are especially numerous on the under surface of the snout,

round the eyes, and on the occipital and opercular regions. In the

form of the histological elements they recall the ampulla? of the

Selachians more than the nerve-hillocks of the Teleosts. The epider-

mis of the skin is folded into a minute sac, in the interior of which

the stratified pavement epithelium gives place to a single layer of

cylindrical epithelium with a distinct cuticle. Between the cylin-

drical cells are found the hair-bearing sensory cells, shaped like those

of the Teleosts, but closer together, as well as shorter and more

pointed. Below each sac is a subcutaneous cavity filled with gela-

tinous substance."
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THE OSTEOLOGY OF AMIURUS CATUS
(L.) GILL.

BY J. PLAYFAIR McMURRICH, M.A.

Professor of Biology in the Ontario Agricultural College.

[Read before the Canadian Institute, February the 16th, 188!,.]

Numerous statements regarding the osteology of the Siluroids

have appeared from time to time in various works, such as the text-

books of Stannius, Huxley. Glaus, Wiedersheim, etc., and in many

scattered papers, but, as far as I can discover, no complete study has

been made of any one form. In the following pages I desire to re-

count the results of a detailed study of the various osteological

elements of our common Canadian Siluroid, Amiurus catus (L.)

Gill. The description of the various portions of the skeleton will be

accompanied by some notes on the development of certain bones, as

far as it has been possible to trace them, and a few remarks of a

comparative nature.

I.—THE CRANIUM.

Viewed as a whole the cranium is extensively flattened, tapering

from behind forwards in depth, so that a vertical longitudinal section

would present a triangular aspect. Posteriorly are seen the five

processes characteristic of the Teleostean skull, those of the pterotics,

epiotics, and the median elongated supraoccipital spine. No well

defined orbit is present, the postorbital process of the sphenotic being

exceedingly small. A well marked antorbital process is, however,

present, and in front of this at the anterior extremity of the skull

two more lateral processes are formed by ossification of the lateral

expansions of the ethmoid cartilage. On the upper surface of the

skull are two median fontanelles ; the anterior is the broadest, and

is bounded by the frontals behind, and slightly by the mesethmoid

in front ; the posterior, which is long, tapering posteriorly, is bounded

in front by the frontals, and posteriorly separates the supraoccipital

into two halves, nearly as far back as the posterior surface of the

skull. In accordance with the flattening of the skull, the canal for
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the orbital muscles is exceedingly rudimentary, and very little

cartilage remains in the skull, the anterior portion of the ethmoidal

cartilage alone remaining unossified.

1. SUPRAOCCIPITAL.

This is the largest of all the occipital bones, but enters only very

slightly into the boundary of the foramen magnum. Looking at it

from above (PI. II., Fig. 1, SO), it would appear to be divided into

two portions, owing to the continuation backwards of the posterioi

fontanelle. Posteriorly, on either side of the fontanelle, it presents

many minute foramina, belonging to the system of the mucous

canals. Behind the posterior plane of the skull the bone is pro-

longed into a long spine, from the under surface of which a triangular

ridge (PI. II., Fig. 2, SO) projects downwards and bifurcating above

the foramen magnum is continued downwards on the exoccipital.

On the posterior surface, on either side of this ridge, is seen a

foramen, which, from the inner surface, opens into a canal formed

by the union of two others. Of these the superior and larger is

occupied by the ramus lateralis trigemini, the lower, separated from

former by a small spicule, by the ascending branch of the first

spinal nerve. Below this latter opening is a third, leading into a

canal which traverses the substance of the bone, running downwards

and outwards, and containing in the living state the canalis semi-

circidaris posterior. The supraoccipital articulates anteriorly with

the frontals ; laterally with postfrontals, pterotics, epiotics and

supraclavicle ; below with the epiotics, and ex-occipitals.

2. Exoccipitals (PI. II., Fig. 2, ExO).

Occupying the remainder of the boundary of theforamen magnum

are the exoccipitals ; each of which forms the three sides of a cube

open above, in front, and on the inner side. A ledge of bone pro-

jects from the lower part of each bone inwards, meeting in the

middle line, and forming the floor of the foramen magnum, and the

roof of the sinus impar. The ridge of bone extending downwards

from the lower surface of the supraoccipital spine is continued down-

wards on these bones, forming the lateral walls of the fo^'amen

magnum. On the outer surface are two foramina ; the anterior

small one gives passage to the nervus glossopharyngeus, and the pos-

terior large one to the N. vagus. On the posterior surface is another



272 PROCEEDINGS OF THE CANADIAN INSTITUTE.

foramen, small, situated ou a line with the inwardly projecting-

ledges, and giving passage to the first spinal nerve. The inner sur-

face of the bone is smooth. The exoccipitals do not unite into a

close articulation with neighbouring bones, but are merely placed in

apposition, the outlines of the bones not being indented but perfectly

smooth. They are in relation above with the supraoccipital, epiotics,

and pterotics ; in front with the prootics ; and below with the basi-

occipital.

3. Basioccipital (PI. II., Fig. 2, BO).

The Basioccipital is shut out by the exoccipitals from contributing

to the formation of the foramen magnum. Its posterior face is

deeply concave; below is a nutrient foramen; the upper surface

forms the floor of the sinus impar ; and the body of the bone is

deeply hollowed for the reception of the sacculus of either side. It

extends forwards, becoming smaller and thinner anteriorly, where it

articulates with the posterior edge of the basisphenoid. Its articula-

tions are as follows :—Above and at the side with the exoccipitalsr

and prootics ; below with the parasphenoid ; in front with the basi-

sphenoid ; behind with the body of the first vertebra ; and laterally

with the horizontal limb of the supraclavicular.

4. Epiotics (PI. II., Fig. 1, EpO).

These bones, one on either side, form the postero-lateral angles of

the skull. Each has an irregularly spherical triangular shape, affixed

by the base, the apex forming the projecting angle. Internally the

bone supports part of the posterior and longitudinal semicircular

canals, the former passing in a deep groove on its posterior wall, the

latter lying on the horizontal floor. The anterior upper edge of the

bone is deeply channelled, the cavity communicating with a similar

one in the substance of the pterotic. The articulations of the epiotics

are with the supraoccipital, exoccipital, pterotic, and supraclavicular.

5. Pterotics (PI. II., Figs. 1 and 2, PtO).

Form the postero-external angles of the skull. Each is an ossifi-

cation around the arch of the horizontal semicircular canal. The

posterior upper edge shows a wide opening extending some distance

into the cavity of the bone, apparently separating the upper portion

of the bone into two lamellae. The groove mentioned above as,

occurring on the epiotic, and also one on the outer edge of the hori-
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zontal portion of the supraoccipital, are parts of the same cavity.

In a skull from which all accessory parts have been removed, it

opens by a comparatively wide opening at the base of the ridge,

which extends upwards upon the bone to unite with the similar

ridge on the supraoccipital spine. This opening is almost closed in

the natural condition by the supraclavicle, a small opening only

being left. The cavity is apparently quite shut off from any com-

munication with the brain-cavity, and contains only fatty tissue.

On the upper surface of the pterotic, on the projecting posterior

portion, are several foramina—the openings of a mucous canal,

which passes forwards in an osseous canal, running along the outer

edge of the bone. The smooth surface formed by pterotic, exoc-

cipitals and epiotic lodges the utriculus. The pterotic articulates with

the supraoccipital above ; the epiotics, and supraclavicular behind

;

the exoccipitals, and prootics below ; and in front with the sphenotic.

6. Prootics, (PL II. Fig. 2, PrO.)

Lie on each side immediately in front of the exoccipitals. Each

is a somewhat quadrate bone, extending to the middle line

below, where it articulates with the fellow of the opposite side,

thus entering into the formation of the base as well as the walls

of the skull. The middle portion of its inner surface is crossed

by a ridge, notched outwardly, in which notch the anterior or

sagittal semi-circular canal passes to the recessus utriculi. Near

the posterior edge is another smaller ridge, round the outer

extremity of which the same canal turns in passing forwards from

the utriculus. Between these two ridges is a smooth hollow, with

a very tliin wall, which lodges the recessus utriculi. Below the

prootics, where they meet in the middle line below and between them

and the anterior portion of the basioccipital above, and the parasphe-

noid below, is a small cavity. This is the almost aborted rudiment

of the canal for the orbital muscles, which is largely developed in

many fishes, but absent or very rudimentary in Silurus, Amiurus,

Gadus, Lophius, <fec. The middle of the anterior edge of the prootic

is notched variously in different individuals, sometimes possessing a

hingle notch, at other times there being two more or less separated

by an intervening osseous spicule. These notches are closed in front

by the posterior edge of the alisphenoid, and through the foramina

thus formed the fifth and seventh cranial nerves (trigeminus and
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facialis) make their exit from the cranial cavity. The prootics arti-

culate with the exoccipitals and basioccipital behind ; above with the

pterotics and sphenotics ; internally with the fellow of the opposite

side ; anteriorly with the alisphenoids and basisphenoid ; and below

with the parasphenoid.

7. Sphenotics. (PI. II. Figs. 1 & 2, SpO.)

Or postfrontals, present a flat surface on the roof of the skull,

but send down a vertical longitudinal plate of considerable thick-

ness, which is grooved deeply posteriorly, the arch of the an-

terior semi-circular canal being contained in the groove. On
examining the bone from above, there may be seen below the

surface a channel, a continuation of that already mentioned as

traversing the pterotic, and containing a mucous canal. About

the middle of its course on the sphenotic is an opening for a

mucous pore, with which usually opens also a canal passing from the

cranial cavity and giving exit to a dorsal branch of the trigeminus,

though it occasionally opens separately. From the same point an-

other channel in the bone passes inwards, opening by a pore on the

line of articulation between the postfrontal and frontal. This also

contains a mucous canal. On the under surface, near the external

edge, is a longitudinal groove continued from pterotic which is the arti-

cular surface for the hyomand. The vertical portion of the bone forms

the superior boundary of the foramen for the trigeminus said facialis,

and is not continued forwards to the anterior extremity of the bone,

which is there formed solely of a horizontal plate. The sphenotic

articulates with the sup-aoccipital and pterotic posteriorly ; below

with the prootic : in front with the alisphenoid : and above and in-

ternally with the frontal.

8. Parasphenoid, (PL II. Fig. 2, PaS.)

This bone, lying at the base of the skull, extends from the basioc-

cipital, which it slightly overlaps, to the vomer anteriorly, by which

it is overlapped. About the junction of the anterior two-thirds with

the posterior third it expands somewhat, extending upwards to arti-

culate with prootic. Behind it forms the floor of the small rudiment

of the canal for the orbital muscles, and its expanded portion is

firmly anchyiosed with the superjacent bone, the basisphenoid. The
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parasphenoid lies below the basioccipital behind, and also passing

forwards, the prootic, basisphenoid, orbitosphenoid and ectethmoid.

9. Basisphenoid.

Does not appear as a distinct bone in the skull of Amiurus but is

anchylosed with the subjacent parasphenoid, the line of demarcation

between the two being more or less distinct however. It is a flat-

tened impair bone, presenting no especial features for examination.

It forms the lower boundary of the foramen for trigeminus and

facialis behind, and partly of the foramen for opticus in front, and

articulates behind with the prootic ; externally with the alisphenoid ;

in front with the orbitosphenoid ; and below with the parasphenoid.

10. Alisphenoid, (PL II. Fig. 2, AS.)

A rather small bone, lying on either side between the foramina, of

which it forms the anterior and posterior boundaries, respectively.

These foramina are that for the trigeminus and facial behind, and

that for the opticus in front. The bone is very roughened and

ridged on its external face for the attachment of muscles, and above

this roughened portion is a hollow in which lies the anterior portion

of the hyomandibular. The inner surface is smooth. From the pos-

terior edge a spicule of bone passes backwards in those individuals,

in which the foramen for passage of the 5th and 7th nerves is divided

completely, which spicule unites with a similar one from the prootic.

Immediately in front of posterior edge is a small foramen for exit of

the ciliary trunk of the 5th nerve. On the inner side, immediately

above the inferior process, which articulates with the basisphenoid,

are two foramina, one above the other. The inferior of these is the

larger, and opens into a canal, pursuing a course more or less oblique

in different individuals to the exterior. It gives passage to the deep

branch of R. ophthalmicus trigemini. The smaller one lies at the

extremity of a longitudinal groove, and opens into the interior of the

bone like other similar foramina which, perhaps, have a nutritive

function. Each alisphenoid articulates above with the sphenotic

and frontal ; behind with the prootic ; below with the basisphenoid.;

And in front with the orbitosphenoid.

11. Frontals, (PI. II. Figs 1 & 2, Fr.)

Axe flat plate-like bones, with a small ridge projecting downwards

from the middle of the under surface. They are separated from each
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other along nearly the whole of their length, entering into the forma-

tion of the anterior and posterior fontanelles, their articulation being-

only at a small surface about their middle point. The mucous

canals, which run in the pterotics and sphenotics continue their for-

ward course in these bones, which present many foramina or mucous

pores. On the upper surface one of these is especially noticeable,

situated on a level with the anterior extremity of the articular sur-

face on each side. Below, on the inner side of the vertical ridge, is

a small foramen which is for the exit of a small dorsal branch of the

trigeminus. On the outer side of the ridge are a varying number of

foramina, varying even on opposite sides of the same skull both as to

size and number. In front of these a groove runs forward to a fora-

men in the very front of the bone, opening into the nasal capsule

and giving passage to the opthcdmic branch of the fifth which exits

from the skull through the alisphenoid. The frontals articulate in-

ternally with the fellow of the opposite side ; below with the alis-

phenoids, orbitosphenoids and ectethmoids ; behind with the spheno-

tics and supraoccipitals.

12. Orbitosphenoid, (PI. II. Fig. 2, Os.)

A single bone forming the base and walls of the skull, the cavity

of which is contracted in this region, expanding both in front and

behind. It forms a passage or canal in which lie the olfactory nerves.

Immediately above the horizontal portion the bone is notched deeply

anteriorly and posteriorly. These notches are made foramina by the-

articulating bones. Through the anterior one a, vein passes, through

the posterior, the optic nerve. The orbitosphenoid articulates in

front with the ectethmoids and mesethmoids ; above with the frontals ;

behind with the alisphenoids and basisphenoid ; and below with the

paras'phenoid.

13. Mesethmoid, (PI. II. Figs. 1 & 2, MEth.)

Forms the anterior boundary of the skull, and enters into the for-

mation of the floor and the roof of the anterior portion which con-

tains the olfactory nerves. It is the median ossification of the eth-

moid cartilage of the young fish, and is one of the two bones in which

the ossification of the cartilage is not completed in the adult, the inner

surface of the bone being lined with it. In front it is notched, and

spreads out into two horn-like processes which articulate below with
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the premaxillse. Its posterior articular surfaces, both above and be-

low, are very much indented, split up, in fact, into a number of very-

long osseous spicules, as in the parasphenoid and vomer, which fit

in between corresponding spicules in the bones with which it articu-

lates. Its articulations are :—behind with the orbitosphenoid, fron-

tals and parasphenoid ; below with the pa,rasphenoid, vomer and

premaxillce ; laterally with the ectethmoids.

14. Ectethmoids, (PI. II., Figs. 1 & 2, EEth; Fig. 2, Pfr.)

Are the latei^al ossifications of the ethmoidal cartilage. They are

very deeply grooved on the inner surface for the olfactory nerves,

opening antorioi-ly by a large foramen, through which the nerves pass

to the olfactoiy organ. Laterally the bone is produced into a strong

slightly curved process, the a,ntorbital process, and below this is a

roughened surface for articulation with the posterior extremity of the

palatine. The lower and posterior surface of the antorbital process

presents one or two foramina through one of which a branch from

the deep branch of R. ophthalmicus trigemini passes. The upper

surface of the bone is irregular, and presents many foramina con-

nected with the mucous canal system. The ectethmoids articulate

with the meselhmoid interiorly ; the frontals and orbitosphenoids be-

hind ; the vomer below, and the palatine externally. Their upper

surfaces also come into relation with two membrane bones, the nasal

and the adnasal, on each side, and the extremity of the antorbital

process is in relation to the anterior ossicle of the infraorbital chain.

15. Vomer, (PI. II., Fig. 2, Vo.)

Is a nail-shaped bone, i.e., very much expanded in front, and ab-

ruptly narrowed and tapering toward the posterior extremity. It

lies below the mesethmoid and anterior portion of the parasphenoid,

with which it interdigitates.

Certain membrane bones, developed in connection with the mucous

canal system, may also be described as belonging to the cranium
;

these are the infra-orbitals, the nasals, and the adnasals.

16. Infra-orbitals.

Extending fi'om the frontals downwards behind the orbit, and be-

low it bending and running forwards to the ectethmoid, is a chain of

bones lying in the dense fascia which covers the adductor uiandibulce

muscle. The first or superior is an almost square bone, the second
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long and slightly curved, lying directly behind the eye. It is fol-

lowed by the third, almost straight and shorter than the second ; the

fourth, fifth and sixth are straight rod-like bones, longer than the

first or third, the sixth being the shortest of the three. All are trav-

ersed by a channel in which lies a mucous canal, more or fewer pos-

sessing an opening by which the canal communicates with the ex-

terior.

17. Adnasal, PI. II., Fig. 1, An.)

A small bone on either side, lying at the base of maxillary tentacle

in the fascia covering the nasal region. It is really a continuation

forwards of the infraorbital chain, containing the same mucous canal,

which opens by a pore on its surface. The bone is slightly triangu-

lar, with curved edges, the apex being directed forwards.

18. Nasals, (PI. II., Fig. 1, Na.)

Are small bones in Amiurus, lying on either side between the ad-

nasal and the mesethmoid. They are oblong in shape, and are trav-

ersed by a channel for a mucous canal which opens by a poi'e on the

outer edge of the bone.

On comparison with other Teleostean crania, the almost entire

absence of cartilage is a very noticeable feature. Ossification has

progressed so far in every part that it has replaced the original carti-

lage entirely, except in the mes- and ectethmoid. Since the cartila-

ginous stage precedes in the ontogeny the osseous stage, one must

conclude that a form whose skull is completely ossified is phylogene-

tically older than one whose skull contains a considerable amount of

cartilage, and, therefore, Amiurus and the Siluroids in general form

a highly specialized group, which indeed other points in their ana-

tomy also show. The absence of a canal for the orbital muscles would

also appear to characterize only highly specialized types. It is found

in forms in which much of the original cartilage persists, but in this

form only a rudiment of it is present, indicating its presence in the

ancestral forms of the Siluroids. Vrolik1 mentions a fact in con-

nection with the absence of the canal which receives confirmation in

Amiurus, namely, that when such is the case, the peti-osum (prootic)

is not pierced by the facial and trigeminus (Gadus, Silurus and

Lophius).

1 Vrolik.—Studien iiber die Verknoelierung u. d. Knochen des Sehadels d. Teleostei. Niednr-

and. Arch. f. Zool.—Bd. I., 1873.
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As regards the various bones of the skull, they differ in no very.

essential points from those of Silurus glanis, which have been de-

scribed in general terms and for comparative purposes only by Vro-

lik. All the bones usually found in Teleostean crania are present

with the exceptions of the opisthotic, intercalare, and parietals. The

principal features are the presence of a well-ossified and large mes-

ethmoid ; the orbitosphenoid forming three sides of a canal for the

olfactorius, thereby separating widely the eyes and acting as an in-

terorbital septum ; the meeting of the prootics at the base of the

skull ; and the absence of teeth in the vomer, a point of some im-

portance, since certain closely related forms are provided with vom-

erine teeth.

Certain points in the development of the cranial bones merit a de-

tailed description. In a young Amiwrus, about 20 mm. in length, it

was to be noticed that wherever a mucous canal appeared in trans-

verse section a ring of bone surrounded and protected it, (PI. II., Fig.

8, MC), so that each of these canals in the cranium was surrounded

by an osseous tube. The bone was apparently deposited in mem-
brane, and was evidently formed solely for the protection of the mu-

cous canal. In certain cases a bone, usually perforated for the emis-

sion of a branch from the canal to a pore, became formed by a lateral

extension of this osseous tube into the adjacent connective tissue.

Instances of such bones are the infraorbital chain, the adnasals and

nasals. The adnasals in reality, then, as was stated above, belong to^

the same group as the bones of the infraorbital chain, and may be

described as the anterior ossicle of that chain, since it is formed in

the same manner, and is traversed by the same canal. Sagemehl1

proposes to name it the antorbital, but, since its function is not only

to protect the enclosed mucous canal but also to protect the nasal

region to which it stands in the same relation as does the nasal, I

prefer the name employed.

In the majority of cases, however, the osseous tube does not remain

distinct but fuses with the subjacent bone, whether formed in mem-

brane or perichondrally. In the case of the frontals, for instance^

the mucous canal bone unites with the underlying bone formed in

membrane, and in the sphenotic and pterotic (Fig. 8) a similar union

occurs with the perichondral bone with which the ossification of the

^Sagemehl.—Beitrage zur vergl. Anat. rler Fische. Das Cranium von Amia Calva. L., Morph.

Jahrb. Bd. IX., 2nd Heft. 1883.
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cartilage of those regions commences. As regards the former it must

be noted that there is apparently a portion (the thin ledge-like por-

tion overlapping the anterior portion of hyomandibular) which is

formed entirely by membrane. These two bones, then, are partly

formed perichondrally, and partly from bone originating in mem-

brane, and, accordingly, objections to the pterotic being considered

equivalent to the other otic bones on account of its possessing a mu-

cous canal, are groundless, since the pterotic and sphenotic are in

reality cartilage bones for the protection of semi-circular canals, the

union of the membrane bone being secondary, and probably for the

purpose of increasing the strength of the protective tube of the mu-

cous canal. Schmid-Monnard1 has recently pointed out the part

played by the mucous canal in the formation of the pterotic, but does

not seem to have noticed it in the case of the sphenotic.

Sagemehl2 also points out that the sphenotic postfrontal) and also

the prefrontal (ectethmoid) in Amia possess a membranous element,

but does not recognize in the sphenotic that the membrane bone

really belongs to the mucous canal. As regards the ectethmoid in

Amiurus, it is truly perichondral, for the mucous canal which lies

above it does not unite with it, but is separated from it by connec-

tive tissue.

As regards the other bones, the prootics, epiotics, alisphenoids,

and basisphenoid, are entirely perichondral in their formation ;
the

supraoccipital is partly perichondral and partly formed from a super-

ficial plate of membrane bone, which unites with the subjacent

perichondral; the orbitosphenoid is mainly perichondral, but the

cartilaginous orbitosphenoids do not meet in the middle line, but

leave a space at the base of the skull bridged over by membrane

continuous with the perichondrium, from which the median basal

portion of the bone is developed. The ex-occipital, too, is mainly

perichondral, the two ledges which roof in the sinus impar being,

however, membranous in their origin.

" The basioccipital, however, presents several points for considera-

tion in its development. In the young stage above mentioned, at

the median line at the base of the skull is the notochoi-d, surrounded

with some osseous tissue apparently developed from its sheath, as in

the vertebra?. The lower angles of this ossification are continuous

1 Schmid-Monnarcl—Die Histogenese des Knochens der Teleostier. Zeit. f. vvissZool Bd.

XXXIX., 1883.

Hmc. cit.
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with a thin layer of bone extending across and becoming continuous

with the outer perichondral layer of the exoccipital. This thin layer

forms the floor of the cavity for the sacculus, and contains no cartil-

age, so that the basioccipital at this stage is destitute of cartilage,

and is composed of membrane bone in this (anterior) region. More

posteriorly, however, behind the exit of the vagus and behind the

cavity for the sacculus, the cartilage, continuous with that of the

exoccipital, comes down towards the middle line as far as the chorda,

which is still surrounded by bone. In an older stage (about 38 mm.
in length) the cartilage present around the chorda and on the floor

of the cavity for the sacculus is very noticeable. Opposite the exit of

the glossopharyngeal, where no cartilage was to be seen in the

younger stage, a large plate of it is present at floor of the sacculus-

fossa, bearing upon its upper (inner) surface a mass of trabecular

bone representing the ossification around the notochord in the

younger stage. So opposite the foramen for the vagus (where no

cartilage is present in the younger stage) the chorda has much

diminished in size, and cartilage is to be seen at its sides below,

separated from it by a layer of bone. Still more posteriorly the

cartilage has the same relations as in the younger stage.

It is thus seen that the older stage presents cartilage where in the

younger stage only bone is present, apparently reversing the fact

that the older the form the less the amount of cartilage present.

How is this to be explained 1 In the young stage the sacculus occu-

pies the place of the cartilage, being so large in comparison to the

size of the skull that there is room only for a thin layer of bone at

the floor of the fossa, and a thin investment round the chorda.

Later, however, the cranium grows more rapidly than the auditory

apparatus, and then the cartilage always present posteriorly grows

forward, and, by the ossification of its perichondrium, contributes

largely to the formation of the basioccipital.

The vomer and parasuhenoid are formed in membrane and show

no signs of teeth.

Objections have been made by certain German authors to the

application of the terms probtic, epiotic, etc., to the bones developed

in the cartilaginous ear-capsule. Vrolik1 bases his objection to the

terms on the fact that other bones, for instance, the supra-, ex-

1 Vrolik.—Studien uber die Verknocherung u. d. Knochen des Schadels der Teleostei. Nieder-

landisches Archiv fiir Zoologie, Bd. I. 1873.
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and basioccipital, also enter into the protection of the auditory

apparatus, and that in Salmo (the only instance apparently observed

by him ) the epiotic does not contain the exterior semicircular canal.

The cartilage in which the occipital bones develop did not originally

form part of the auditory case, the passage of the semicircular canal

through the exoccipital and supraoccipital being secondary, as the

hollowing out of the basioccipital for the sacculus certainly is, so

that the names applied to these parts more truly indicate their origin.

Parker's paper on the skull of the salmon, 1 published later in the

same year, states that, contrary to Vrolik's opinion, the epiotic does

arise in connection with a semicircular canal, and shows also that a

similar relation occurs in the pterotic, sphenotic, and opisthotic.

In the Selachii the auditory capsule is at first quite distinct from

the rest of the skull, with which it eventually fuses, and throughout

life remains without connection with the cranial cavity except by the

foramen for the auditory nerve. It lies at the sides of the skull,

but does not extend back to the occipital region. In young Teleosts

the cartilaginous capsule does not extend back as far as the occipital

region, lying still at the sides. Now all bones formed in this car-

tilaginous capsule are certainly entitled to be referred to the " otica
"

group. The anterior portion of this capsule is ossified as the probtic

(petrosum), a tract of osteoblasts outside the ampulla of the anterior

semicircular canal gives origin to the sphenotic (postfrontal), the

pterotic (squamosal) arises over the ampulla and arch of the external

canal, the epiotic (occipital externum) over the arch of the posterior

canal, and the opisthotic (intercalare) over the ampulla of the same

canal. All these bones lie in the region occupied by the cartilagin-

ous auditory capsule, all are mainly what may be called cartilage

bones,2 and all hold a more or less definite relation to the included

auditory apparatus.

The terms prootic, sphenotic, pterotic, epiotic and opisthotic, applied

respectively to the bones known to German authors as the petrosum,

postfrontal, squamosal, occipitale externum, and intercalare, are pre-

ferable, as indicating the true relations of these ossifications.

Sagemehl in his paper on Amia3 makes many ingenious and

1 W. K. Parke.)'.—The structure and development of the skull in the Salmon. Phil. Trans.,

1873.

* Gegenbaur's objections to the pterotic (Ub. das Kopfskelet von Alepocephalus rostratus

(Risso). Morph. Jahrb, Bd. IV., suppl., 1878,) have been shown above to be groundless.

8 Ante cit.
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valuable suggestions. His paper coming to hand after the previous

descriptive portion had been written, explains the homology of the

cavity described as occurring in the upper surfaces of the pterotic,

supraoccipital, and epiotic. He shows that a similar cavity, which

he terms the temporal cavity, occurs in Amia between the bones and

the primordial cartilage, is widely open behind, and contains a por-

tion of the lateral musculature. In all probability the cavity in

Amiurus is a rudiment of this temporal cavity of Amia, the original

contents of which have vanished, their place being taken by fat and

blood-vessels.

The same author suggests that the occipital segment of the Teleosts

has fused with it a certain number of vertebrae. He bases his asser-

tions on the presence of such vertebrae, partially fused, in Amia,

Polypterus, Protopterus and Lepidosteus. If such be the case, there

is no trace of such a coalescence in Amiurus. A nerve certainly

does pass out from the exoccipital behind the vagus, but in all its

relations it is a spinal nerve, passing through the arch of the pre-

ceding vertebra, as do the succeeding nerves. The occipital segment

is certainly composed of many segments, one corresponding to each

branchial branch of the vagus and to the glossopharyngeal, but

beyond these there is no indication of any further segments in the

basioccipital of Amiurus.

II.—PALATO-QUADRATE AND MANDIBULAR APPARATUS.

Under this head will be included a description of the maxillary

and palatine apparatus, as well as of the chain of bones constituting

the first postoral arcade, or, according to views expressed elsewhere, 1

the third cranial arcade, the trabecular cranii being considered as

representing the first arch, and the palatine as the second.

1. The Premaxill^e, (PI. II., Fig. 1, Pmx.)

Each is a small, somewhat arched bo'ne, supporting five or six rows

of teeth. They meet in the middle line, but are not united by suture.

The upper surface of each bone rests on the under surface of the

mesethmoid, and at the outer extremity each articulates with the

maxilla.

2. The Maxilla, (PI. II., Fig. 1, Mx.)

Depart very widely from the typical form. They are very much

elongated rods, projecting at right angles to the sides of the skull,

1 On the Osteology and Development of Syngnathus Peckianus.(Storer). Quart. Journ. Micr.

Sci., N. S., Vol. XXIII., 1883.

21
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but are capable of considerable movement, so that they may lie almost

parallel to the longitudinal axis. At the base the bone forms a com-

plete sheath for the cartilage which supports the maxillary tentacle,

but this sheath is complete only for a short distance, the cartilage

lyino- in a groove in the posterior (inner) surface of the bone. At

the base are two processes, a smaller posterior dorsal and a larger

anterior ventral. The latter has a fascia firmly attached to it in such

a way that, when the anterior extremity of the palatine is pushed

forward it draws the same fascia, and by the tension thus produced

the maxilla is abducted or pushed away from the sides of the skull.

The bones possess no teeth. They have in relation to them the pre-

maxillce in front and below ;
the palati/nes behind ; and the adnasals

on the inner side.

3. The Palatine, (PL II., Fig. I, Pa.)

Each palatine is a short, rod-shaped bone, extending antero-posteri-

orly parallel with the long axis of the skull. The anterior extrem-

ity abuts upon the maxilla, and the posterior lies in front and out-

side of No. 4, and below the antorbital process of the ectethmoid.

4. (PL II., Figs. 1 & 4).

This is a small almost round scale-like bone, lying behind and

within the posterior extremity of the palatine. It is developed in

the fascia of the anterior fibres of the adductor arcils palatini muscle,

and cannot be referred to the pterygoid series of bones. In a speci-

men of the very closely related Amiurtis nigricans, (LeS) Gill, it was

quite absent.

5. Metapterygoid, (PL II., Fig. 1, Mpt.)

Is an almost square bone, lying directly behind No. 4. It is flat-

tened and its upper posterior border is somewhat concave, aiding in

the formation of the notch for the passage of the trigeminus to the

superficial muscles. The anterior superior angle is attached by liga-

ment to the orbitosphenoids'. The bone articulates in front with

No. 4 ' behind with the hyomandibular, and below with the quad-

rate.

6. The Quadrate, (PL II., Fig. 1, Qu.)

Furnishes the articular surface for the mandible. It is triangular

in shape, thicker behind and below, the upper portion being squa-

mose. In a deep fossa, on the upper and posterior portion of the
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bone, lies the cartilaginous symplectic, in a perfectly dried skull, the

fossa being empty and an interspace occurring between the quad-

rate and the hyomandibular. The posterior border of the quadrate

is contained in a groove on the preopercidum ; behind and above it

articulates with the hyomandibular ; and above and in front with the

metapterygoid.

7. The Mandible, (PI. II., Fig. 1, Mn.)

Consists of two portions, one on either side, united in the median

line in front by ligament. Each portion again consists of four parts.

These are as follows :

—

(a) The dentary, constituting the anterior two-thirds of the bone

and bearing numerous teeth. It is broader in front than behind, the

teeth being arranged correspondingly, there being 5-6 rows anteriorly,

tapering off to two rows posteriorly. The bone increases in height

posteriorly, and is grooved on the inner surface for the reception of

Meckel's cartilage and the articulare. The under surface presents

six pores, openings for branches of the mucous canal which runs

in this portion of the bone.

(b) The articidare forming the posterior high portion of the bone,

and presenting the articular surface for the quadrate. It encloses

Meckel's cartilage posteriorly.

(c) Meckel's cartilage, the remains of the primordial cartilaginous

mandible. It consists of a rod of cartilage lying on the inner sur-

faces of the dentary and articulare, its posterior portion being in-

cluded within the latter.

(d) The angulare, fused completely with the articulare, being

merely indicated as a small triangular nodule below the articular

surface.

The great size of the intermaxillaries and the limitation of the

teeth to them, as far as concerns the upper jaw, are points worthy

of notice. This is, of course, due to the specialization of the

maxillae for another purpose ; with the decrease in size of the lat-

ter was an increase of the former. The intermaxillse belong to that

class of bones which are formed by the fusion of cement-plates of

teeth. At first they are represented by a thin lamella of bone-bear-

ing teeth, but by means of osteoblasts the ossification extends into

the superjacent tissue in the form of trabecular which are, in their

histological details, similar to the cement plates.
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The maxillae are specialized for the support of the long maxillary

tentacles. Instead of developing parallel to the axis of the skull,

they extend outwards at right angles to it. their antero-posterior

extent being very much diminished. They have, in fact, lost all

the usual relations to the gape. That they do not possess teeth

is not remarkable, since even in Esox they are toothless, though

probably their origin was similar to that of the intermaxillae, i.e.,

the union of cement plates. The fact of their being moved by a

special muscle lying below the adductor rnandibulce, instead of by the

upper layer of that muscle, and also their relation to a nerve aris-

ing from the trigeminus before its division into the superior and

inferior branches, which seemed to indicate for them an angular

nature, gave rise to a passing idea that they might not really be

homologous with the maxilla? of other Teleosts, and I was inclined

for a time to compare them to. the supramaxillaries described by

Geo-enbaur as occurring in Alepocephalus and Clupea1
. These pecu-

liarities, however, do not properly belong to the bones but to the

tentacle, and, since the relations of the bones are the same as those

of the maxillse of other Teleosts, and their mode of development

similar, there seem to be no reasons for departing from the usual

idea that they are homologous with the maxillae of other osseous

fishes.

The palatine bears no teeth. The first trace of bone is formed by

the perichondral investment of the ethmo-palatine cartilage, this

osseous layer having similar histological characters to the cement

plates, there beirg evidently a close relation between these two

forms of bone.

The true pterygoids are all so-called cartilage bones, and therefore

the bone described as No. 4 cannot belong to the series. Its true

relations have already been indicated. The presence of only one

pterygoid is, however, a peculiar feature. In the youngest stage

which I was able to study, ossification had just commenced, and by

means of sections2
it was seen that the anterior portion of the

metapterygoid contained no cartilage, there being thus, apparently,

an interval between the anterior extremity of the pterygo-quadrate

iLoc. vit.

* I must testify to the good results obtained by the use of a saturated watery solution of Bis-

marck Brown. Not only are cartilage and bone admirably differentiated, but also muscle,

nerve, glandular tissue, etc.
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and the posterior extremity of the ethino-palatine cartilages. Whether
this is really so my specimens do not allow of absolute certainty, but

make it a strong probability. Somewhat further back the cartilage

is seen and may be traced unbroken back to the quadrate. The
metapterygoid of Amiurus combines to a certain extent the relations

of the ectopterygoid and entopterygoid, as well as that of the metap-

terygoid of other Teleosts, but, since it is in direct relation to the

quadrate, and performs the usual function of a buttress to the hyom-
andibular, I have preferred the last named term for it.

The development of the dentary suggests some important thoughts.

In a 20 mm. stage, (Fig. 9) Meckel's cartilage Mck) is present in its

entirety. On its upper surface is a layer of tooth-bearing bone, in

which the individual cement plates (cp) are still to a large extent re-

cognizable. At the sides and below is a layer of perichondral bone

(pc), the cement plate bone passing into it without any line of demar-

cation. In fact both varieties are identical, not only in their histolo-

gical features, but also in their origin. Below the cartilage is a

mucous canal (MG) enclosed in its osseous tube, which is united with

the perichondral bone of the lower surface. In a 38 mm. stage the

cartilage has almost disappeared, its place being occupied by trabecu-

le of bone, osteoblasts lying in the interspaces. The mucous bone

has become quite united with these trabecule, and it is impossible to

distinguish it. We have then in the dentary portion of the man-
dible what may be termed three different varieties of bone—cement-

bone, perichondral-bone (with which may be included the trabecule),

and mucous-canal bone. All three, however, pass into each other,

and are indistinguishable in structure and origin. The old division

into primary and secondary ossification should be done away with

since both varieties are in reality similar.

III.—THE HYOMANDIBULAR, HYOID, AXD OPERCULAR
APPARATUS.

The bones constituting these parts belong to a single arch, the

second post-oral, and are in relation to the seventh nerve.

1. The Htomandibular, (PI. II., Fig. 1, Hmd.)

Is a large almost quadrate bone, forming the upper part of the

arch. It articulates above by a somewhat arched surface with the

gphenotic and pterotic, and from the anterior angle of this surface a
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process passes forward and upward to touch upon the alisphenoid.

Upon the inner surface of the bone, not far from the base of this

process, is a foramen leading into a canal which traverses the

hyomandibular from above downwards and backwards, opening on its

posterior surface a little above the posterior inferior angle. This

canal contains the R. hyoideo-mandibularis facialis. On the outer

surface is a flattened ridge overlying this canal, immediately behind

which is the articular knob for the operculum, and extending forward

at right angle to it is a ridge for the attachment of muscles. The

hyomandibular articulates above with the pterotic, sphenotic, and

alisphenoid ; in front with the metapterygoid, and slightly with the

quadrate ; below with the symplectic cartilage and the preoperculum ;

and behind with the operculum.

2. The Symplectic

Element does not appear to ossify. It is represented by a cartilage

contained partly within the hyomandibular and partly within the

quadrate, and filling up the space between these two bones.

3. The Hyoid

May be described as consisting of five portions, as follows :

—

(a) The interhyal is represented by a small knob at the extremity

of the ai'ch which is connected by ligament to the inter- and preoper-

culum, the hyoid thus being fixed at its upper extremities without

articulation with the symplectic.

lb) The epihyal is the upper triangular portion of the arch,

separated from the succeeding portion by a deep notch above and

below and by a \xsually well marked articulation.

(c) The ceratohycd is the longest portion of the arch ; broad and

flat above, it becomes contracted towards its anterior extremity and

again expands for articulation with the hypohyals. Both the cerato-

hyal and epihyal bear branchiostegal rays on their lower borders.

(d) The hypohyal is united with its fellow of the opposite side by

ligament. The bone so denominated in Amiurus is not simple, but has

usually connected with it one or two accessory nodular bones, the

number frequently varying on opposite sides in the same individual.

(e) The urohyal is an impair bone extending back from the junc-

tion of the hypohyals. Anteriorly it is partly divided into two

rounded portions, from the extremities of each of which a ligament

passes forward uniting it to the hypohyal. Behind is a thin flattened
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plate, bearing on its upper surface a high longitudinal keel which

bifurcates anteriorly, each division continuing its way upon the

anterior round portion, diminishing as it passes forward. Upon the

upper surface of the flattened portion, and separated from each other

by the median keel, are the two hyo-clavicular muscles.

4:. The Branchiostegal Rays,

According to Jordan1
, the typical number of branchiostegal rays

for Amiurus is nine, varying, however, from eight to eleven. The

variation seems to occur even individuals, there being, for instance,

sometimes nine on one side and eight on the other. In Amiurus catus

the usual number was eight. They arise from the posterior (inferior)

borders of the epihyals and ceratohyals, which possess notches for

their articulation. The inner ones are short and rounded, but the

outer (superior) ones are more or less flattened, the last two being

quite flat and applied to the under surface of the operculum. In

fact I would prefer to state the number of the rays at seven, consider-

ing the upper one as the suboperculum.

5. The Preoperculum PL II., Fig. 1, PrOp.)

Is more or less firmly united with the hyomandibular and quad-

rate. It is broader at the lower part than above, and is grooved on

its anterior border for the reception of the lower part of the

hyomandibular, the symplectic, and the quadrate. It is a continua-

tion of the longitudinal flattened ridge of the hyomandibular and

contains a mucous-canal, foramina upon its surface being for the

exit of branches to the pores. Behind and below it rests upon the

operculum and inter'operculum.

6. The Operculum (PI. II., Fig. 1, Op.)

Is a triangular scale-like bone, articulating with the knob on the

hyomandibular. Its apex is in relation to the vnteropercuVwm.

7. The Interoperculum (PI. II., Fig. 1, IOp.)

Is a short, stout bone, lying between the apex of the operculum

and the posterior extremity of the mandible, with which it is united

i Jo rdan.— Manual of JJ. Amur. Vertebrates, Chicago, 1S76.
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by ligament. It is also firmly united by ligament to the upper por-

tion of the epihyal.

8. The Suboperculum,

As above indicated, is seen in the uppermost branchiostegal ray,

which occupies exactly the position of the suboperculum in other

Teleosts.

The large anterior extension of the hyomandibular, whereby the

metapterygoid is thrust forwards, is a characteristic feature. On
examining a young stage it is seen that this extension is not an

ossification originally represented by cartilage, but is a growth for-

wards of the perichondral bone, of the hyomandibular cartilage into

the membrane lying in front. This appears to have been originally

due to the relations of the R. hyoideo-,mandibularis N. facialis, the

growth being later on carried still more forwards for the attachment

of muscles. This has resulted in the hyomandibular usurping the

position of the metapterygoid, and its functions as regards the origin

of the muse, adductor mcmdibulee, the longitudinal ridge usually

being in the metapterygoid.

The relations and origin of the opercular bones at onetime aroused

much discussion ; some light is apparently thrown upon these points

by Amiurus, but, before enunciating any theory, it may be well to

state briefly the ideas of earlier authors.

The earlier writers, such as Geoffroy Saint-Hilaire and Spix, were

inclined to consider the opercular bones as comparable to the auditory

ossicles of the mammalia. Thus the former terms the preoperculum,

the 'tympanal,' the operculum, the ' stapeal,' the suboperculum,

the ' malleal,' and the interoperculum, the ' inceal ;' while, accord-

ing to Spix, the same bones are respectively, leaving out the subo-

perculum, the ' marteau,' the 'enclume,' and the ' e"trier.' Cuvier1

denies these relationships, saying " plus on examinera les pieces

operculaires, plus on se convaincra que ni leurs connexions entre

elles et avec les autres os, ni les muscles qui les mettent en mouve-

ment, ne presentent le moindre rapport avec les osselets dont il

s'agit." Neither deBlainville or Agassiz believed in the auditory

theory, the former believing the opercular bones to belong to the

1 Cuvier et Valenciennes.—Hist. nat. des Poissons. Paris, 1S2S.
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subcutaneous system, and the latter to the system of the branchios-

tegal rays. Hollard1 sums up his observations thus, " En d'autres

termes et pour nous re'sumer, il resulte pour nous de cette e*tude que

le battant operculaire des Poissons se divise, quant a sa signification

anatomique. entre le squelette normal et un squelette supple'mentaire

et cutane
;
que l'interopercule appartient au premier, comme naissant

et se developpant dans le premier arc visceral
;
qu'il occupe la m§me

place que l'enclume des mammiferes
;
qu'enfin l'opercule et le sous-

opercule, loin de lui faire suite, loin de pouvoir §tre assimiles aux

autres osselets de l'ouie ou a vrais appendices, sortent des limites du

nevro-squelette, non, comme le voulait Cuvier, a titre de pieces sans

analogues mais en se rattachant au developpement si gdneral et si

considerable des expansions tdgumentaires des Poissons." Owen2

does not commit himself definitely either way, considering them

merely appendages to the " tympano-mandibular arch," but however

implies a certain amount of credence in the auditory theory, by

referring them to the mandibular rather than to the hyoid arcade.

Lastly, Gegenbaur 3 suggests that the interoperculum was originally

a part, not of the hyoid skeleton, but of the mandibular.

It is now a recognized fact that the homologues of the auditory os-

sicles are not to be looked for in the opercular bones, and we have

remaining the theories that they are a subcutaneous system, a part of

the branchiostegal system, and that the interoperculum is a part of

the mandibular arcade. In Amiurus they seem to belong to the

branchiostegal system, with the exception of the preoperculum. This

is formed round a mucous canal, and is one of what may be called

the mucous canal series, to which also the infraorbital ossicles belong.

Functionally it is not one of the opercular bones but protects the in-

cluded mucous canal. The suboperculum is properly a bone lying

below the lower edge of the operculum. This is the position it holds

Esox, also in Salmo, but in the latter case it is increased in size, and

projects largely from under the operculum. In both these forms

also it lies on the inner side of the interoperculum. In Amiurus,

what is usually considered the upper branchiostegal ray bears exactly

the same relations. Shortly behind its attachment to the epihyal,

1 Hollard.- De la signification de l'appareil operculaire des Poissons. Ann. des Sei. Nat.>

1864.

s Owen.—On the anatomy of the vertebrates. Vol. I., Loudon, 1866.

3 hoc. ait.'
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it lies on the inner surface of the interoperculum, and its outer por-

tion lies below and slightly behind the operculum. Accordingly as

above stated, it may be considered as equivalent to the suboperculum

of other Teleosts. The operculum and interoperculum seem to have

been originally a single ray, which dividing transversely, gave rise to

the two bones. They are directly in apposition in Amiurus, the lower-

extremity of the operculum being of the same size as the upper (pos-

terior) extremity of the interoperculum. With regard to the attach-

ment of the latter to the articulare, it may be stated that it is just as

firmly attached to the epihyal, which, however, it overlaps, and it is

possible that it may, as G-egenbaur suggests, be the only remaining

ray of the mandibular arch. However, be that as it may, it is evi-

dently an appendage of a visceral arch, and as such, is homologous

with a branchiostegal ray.

My conclusions as to the homologies of the opercular bones are as

follows :

—

The preoperculum is developed around a mucous canal and

does not belong to the same category as the other bones. The suboper-

culum is a modified branchiostegal rag, and the operculum and inter-

operculum correspond to another rag which has become divided

transversely.

IV.—THE BRANCHIAL APPARATUS.

This consists of five arches, each arch consisting of a number of

bones, the upper portion of each being bent at an acute angle, so as

to lie in a plane almost parallel to that of the lower portion. In

other words, the lower portions of the arches lie on the floor of the

pharynx, the upper portion in its roof. In a typical arch five por-

tions are present. Below in the middle line, extending between the

.arch and its successor, is an impair bone, the copula. Opposite the

anterior end of the copula is a usually short portion —the hgpobran-

chial, on the outer side of which lies the ceratobranchial, usually the

largest of the branchial elements. Between the last-named portion

and its successor, the epibranchial, the bend occurs, so that the ex-

tremity of the arch, formed by a usually small phargngo-branchial,

lies near the median line of the roof of the pharynx.

In Amiurus (PI. II. Fig. 3) all the arches do not possess the typi-

cal number of bones. Only two copula? are present, i. e., those be-

tween the 1st and 2nd (cpj), and 2nd and 3rd arches (cp.2 ) ; between

the 3rd and 4th a cartilage (c/>
3.4 ) is present, with the posterior ex-
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tremity of which, the ceratobranchial of the 5th arch articulates, and

which probably represents the conjoined copulse of the 3rd and 4-th

and 4th and 5th arches. Similarly osseous hypobranchials are not

present in all the arches. The 1st and 2nd possess them (Hbi\ and

Hbo\) in the form of their round bones, but in the 3rd and 4th

{Hbr, and Z76r4) they i-emain cartilaginous, and in the 5th appear to

be wanting. Oeratobranchials (CbrU5 * are present in all the arches
;

they are long slightly curved bones, grooved on the under surface

for the reception of the branchial vessels and nerves, and carry the

majority of the gill-leaflets. The ceratohyal of the 5th arch (Cbr5 )

however, departs from the normal type. It is flattened from side to

side, is not grooved below, has no branchial leaflets, but bears on its

upper edge an oval plate of bone possessing a large number of teeth
;

this is usually known as the hypopharyngeal {Phi). The epibran-

chials (Fig. 4, Ebr^) also bear gill-leaflets to a certain extent, at least

those of the 1st and 2nd arches do. These resemble slightly the

ceratobranchials, but do not possess so deep a groove on the under

surface, being flattened. From near the middle of the posterior

border of the 3rd epibranchial a strong process (pro) passes back-

wards, inwards and upwards, serving for the attachment of muscles.

The 4th epibranchial {JEh\) is very broad towards its inner extremi-

ties, while the 5th is wanting. The pharyngobranchials are rudimen-

tary also. The 1st is wanting or represented only by cartilage ; the

2nd (Pbr2 ) acts as a copula between 2nd and 3rd epibranchials ; the

3rd (Pbrs ) has a similar relation to the 3rd and 4th epibranchials ;

while the 4th and 5th are wanting. Thus none of the elements of

the upper moiety of the 5th arch are present. Lying on the under

surface, and attached to the 3rd pharyngobranchial and the inner ex-

tremities of the 3rd and 4th epibranchials, is a round osseous disc

bearing numerous teeth—the epipharyngeal (PhS). To the anterior

edges of the cerato- and epibranchial, and to both the anterior and

posterior edges of some, are attached a number of small rays equiva-

lent to the branchiostegal rays of the hyoid arch. These are readily

removed from the arches along with the soft parts.

The only points to be noticed here in connection with the branchial

arches are the relations of the epi- and hypopharyngeals. These

bones are not inherent parts of the branchial arches, as is frequently

supposed, but have become secondarily united to them. This is indi-

cated by the fact that they do not belong to the same arches ; the
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hypopharyngeal being attached to the 5th arch, while the epiphaiyn-

geal is in relation to the 3rd and 4th arches. A stronger proof of

this fact, however, is afforded by a study of the development of these

bones. They are then seen to be originally quite distinct from the

adjacent cartilaginous branchial arches, and to be formed by the

union of the cement-plates of the teeth which they bear, and by a

subsequent formation of osseous trabecule by osteoblasts. Their

morphological significance is not hard to determine. They represent

the remains of the dermal denticles which originally lined the mucous

membrane of the buccal and branchial cavities, and which are still

to be seen in those situations in certain Selaclii1 .

V.—THE SPINAL COLUMN.

With regard to this portion of the skeleton, the greatest interest

centres round the first four vertebra? and their arches, which have

become very much modified in accordance with the development of

a series of ossicles within the auditory apparatus and the air-bladder.

These anterior vertebra? being thus intimately connected with the

auditory sense-organ, will, with greater appropriateness be described

in detail in the portion of this work, by Professor Wright, referring

to that structure. It will be necessary, however, to denote here

briefly the modifications undergone. The body of the first vertebra

is fully formed, but its transverse processes are rudimentary, while

its dorsal arch forms the stapes of either side, and a pair of inter-

crural cartilages present in front of it, are converted into the claus-

tra. The body of the second vertebra has entirely disappeared, and

become fused with the third, the fusion being indicated by two

nutritive foramina at the base of the conjoined vertebrae. Its trans-

verse process is wanting, and its dorsal arch becomes converted into

the rudimentary incus. The body of the third fuses with the second

and fourth ; its dorsal arch is normal, and its spine is represented by

the anteriorly directed process, which, arising from the broad flat

plate mentioned below, extends forwards and articulates with the

supraoccipital and exoccipitals ; and its transverse process is trans-

formed into the malleus. The fourth vertebra is fused with the third

and fifth ; its transverse process is the broad plate extending out on

either side in this region, and its dorsal arch is the backwardly pro-

1 0. Hertivig Ueber das Zahusystem der Amphibien. Arch, fur mikr. Anat. Bd. XI. supple-

ment 1874. See also Jenaische Zeitsch. Bd. VIII. 1874.
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jecting process from that plate. The fifth is of the normal type, all

its parts being present, but its body is united anteriorly with that of

the fom-th. The bodies of the 2nd-5th are deeply grooved below for

the reception of the aorta.

The bodies of the succeeding vertebrae as far back as the com-

mencement of the tail fin are all similar in appearance. They are

of the usual piscine ainphicoelous type, but they are very much
flattened at the centre of their length from above downwards, and a

strong longitudinal ridge extends along the lateral surface of each,

increasing the appearance of flattening. In the adult the bodies, as

well as the arches, are thoroughly ossified, no notachord remaining

in the centre of the bodies. In a stage incompletely ossified it may
be seen that the notachord is contracted very much vertebrally, ex-

panding rather suddenly as one approaches either exti-emity of the

body, and resuming its full uncontracted size. The lateral ridge

seems to be formed by an extension of the ossification into the adher-

ent connective tissue along the lateral line of the column. On the

upper and lower surfaces of each centrum, on either side of the

middle line, is a ridge, so that viewed laterally the vertebrae do not

appear extraordinarily flattened. Posteriorly in each vertebra, i.e.,

between the attachment of successive arches, these ridges increase in

height, thus forming a protection for the spinal cord or aorta between

the arches.

The arches are completely ossified, and are firmly anchylosed with

the bodies. They unite with the anterior portions of the bodies

above and below, enclosing in either case the spinal cord or the

aorta. In the more anterior dorsal arches the anterior elevations of

the dorsal longitudinal ridges of the centra articulate with the

posterior border of the preceding arches, but posteriorly no such

articulations obtain. All the dorsal arches, and the haemal arches

also in the tail region, are surmounted with long backwardly directed

spinous processes ; those of the 5th-9th dorsal vertebrae inclusive being

bifid for the reception of the interspinalia of the dorsal fin. The

majority of the vertebrae of the trunk region have their lower

arches projecting at right angles from the centrum, forming the

transverse processes ; with the 6th-14th of these ribs (ossifications of

intermuscular septa) articulate, the upper surfaces of their proximal

portions being in contact with the under surface of the distal ex-

tremities of the transverse processes. The last two vertebrae of the
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trunk bear no ribs. The haemal arches of the last extend almost

directly downwards, parallel to each other, and are connected about

the middle of their length by a transverse bridge, above which runs

the aorta. The first tail vertebra has the haemal arches firmly united

below, but somewhat broadened so as to separate, as it were, the

trunk and tail regions. The remaining haemal arches are exactly

similar in appearance to the neural arches of their vertebrae, possess-

ing long spinous processes, certain of which assist in supporting the

interspinalia of the anal fin. There is then in Amiurus a gradual

passage from the transverse processes of the trunk region to the

haemal arches of the tail, and thus a strong argument in opposition

to the view that the haemal arches of the tail represent the trans-

verse processes plus the ribs of the trunk.

The typical features are present in all the vertebrae posteriorly

until one comes to the region of the caudal fin (PI. II. , fig. 5). Here

some modifications occur. The neural and haemal processes of the

sixth vertebra (counting from the tail) are the first that are in rela-

tion to the caudal fin rays. They do not, however, suffer any modi-

fication, and are firmly coalesced with the centrum. So with the

arches of the fifth. The spinous process of the lower arch of the

fourth (ZT
4 ) is somewhat expanded, and that of the third (ffs) still

more so, while that of the second (H2) forms a very broad plate,

from the anterior border of which a thin plate extends to the poste-

rior edge of the third arch. The dorsal arches (iV6 .2 ) of these

vertebrae present no modifications.

The last vertebra is, however, specially interesting. Its upper

arches, instead of projecting upwards and backwards, are directly

perpendicular to the axis of their centrum. The spinous process

(ffii) is not coalesced with their upper extremities, but forms a dis-

tinct piece connected with them by ligament. The lower arch (Si)

is fused with a small lateral process projecting from the lower portion

of the body, and expands to a broad plate in apposition with the

preceding and succeeding arch. The body is somewhat modified also,

wanting the lateral longitudinal ridge and the fossae above and below

it, so characteristic of the other vertebrae.

The notochord extends upwardly and backwards from the last

vertebra almost at an angle of 45°. No further trace of centra are

to be perceived nor of dorsal arches, but the presence of several

coalesced vertebrae in this terminal filament seems to be indicated by
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the presence of several haemal arches. Of these there are in all six,

the four tying immediately below the terminal filament of the noto-

chord being separated from the other two by a distinct interval, cor-

responding to the longitudinal axis of the body. The lowest (A)

(i.e., the one posterior to that of the last vertebral centrum) is fused

with the posterior inferior portion of the last vertebral centrum, and

bears at its base a slight lateral ridge. It expands very much towards

its extremity, being the broadest of all these fin-bearing arches.

The next four (B, C, D & E) arise from the posterior surface of the

last centrum, being fused with it. They are triangular in shape,

expanding posteriorly, and diminishing in size from below upwards.

The last (F) (i.e., that immediately below the notochord) is small,

and partly enclosed by the lateral bones enclosing the notochord. It

seems to arise from these structures near their base.

We have thus six haemal arches which are well developed, and

specially modified for the purpose of supporting the rays of the

caudal fin, the centra and upper arches corresponding to them having

become aborted, or perhaps the centra are represented by the last

body, several having fused to form it. Lotz1 has investigated the

structure of these vertebrae in Cyprinoids and other fishes, and in

the former there appears to be an arrangement very similar to that

of Amiurus. The specialization however does not seem to have pro-

gressed quite so far. In Barbus the third or second vertebra bears

two dorsal arches. The spinous process of the last dorsal arch is

similar to that of Amiurus, Lotz naming the free spinous process a

' falsche Dorn,' believing it to be either a part of the true spinous

process or a tree tin-bearer. I prefer the former hypothesis. The

three lower arches, which have no distinct vertebrae, are fused with

the last centrum, as in Amiurus, but the upper four are independent-

It would appear from this that the last vertebral centrum really

consists of three fused centra, those of the four upper haemal arches

having become aborted, the fusion of these arches with the last

centrum in Amiurus being secondary. All these lower arches are

tipped with cartilage, but there are no intervening cartilaginous

pieces as in Barbus.

Extending back from the posterior superior angles of the last cen-

trum on either side of the notochord filament are two bones (NS)

i Lotz.—Ueber den Bau der Schwanzwirbelsaule der Salmoniden, Cyprinoiden, Percoiden.

und Cataphiacten. Zeit. f. wiss. Zool. XIV., 1864
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fused with the centrum below and protecting the terminal filament.

Lotz terms these the ' grosse Deckstticke,' and believes them to be
* Bogenstiicke des letzten Wirbels.' With this homology I cannot

agree, for two reasons. Firstly, the spinal chord does not stand in

the same relation to these bones as to the arches of the other verte-

brae ; it does not pass between them but lies in front (above) them

in the groove which they form
;
posteriorly the rudiment of the ner-

vous tract is partly enclosed, but this arises from the upward growth of

the bone posteriorly, and does not correspond to a passage between

two arches. Secondly, these bones are not preformed in cartilage, as

their development shows, but are formed in membrane, thus belong-

ing to a different category to the arches, which are all preformed in

cartilage. These two facts appear to me to dispose of the ' Bogens-

tiicke' theory, and the question arises as to what is their true homo-

logy. They seem to correspond both in development and relations to

the dorsal longitudinal ridges of the vertebrae. They are direct con-

tinuations of these ridges which protect but do not surround the cen-

tral nervous system, and are developed by an ossification of mem-

brane.

To recapitulate, then, the homologies of the modified ventral parts

of these posterior vertebrae : The free spinous process of the second

vertebra is the true spinous process of the arch of that centrum.. The

last centrum consists of three coalesced vertebra}, the upper arches of

which have disappeared. The four succeeding centra and their upper

arches have become aborted, leaving only the ha>mal arches to represent

them. The protecting bones on either side of the terminalfilament of

the chorda are continuations of the dorsal longitudinal ridges of the

vertebra, and have no relations with the arches.

VI.—THE DORSAL FIN.

The dorsal fin adheres, to a certain extent, to the type of the im-

paired fins, consisting of fin-rays ossified in membrane, supported by

interspinalia, which are preformed in cartilage, but the anterior rays

and their interspinalia are modified for the formation of an organ of

defence capable of fixation in an erected condition.

Anteriorly there is a small ossification lying in front of the large

plate for the support of the defensive spine, united to it by ligament

only and situated immediately below the skin. The plate with
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which it articulates extends backwards as far as the posterior surface

of the defensive ray, which it supports. It is of a triangular shape,

broader behind than in front, and perforated by three foramina. The

two anterior are small, and situated one on either side of the middle

line, giving passage to the muscles which erect the small modified ray

lying in front of the defensive spine. The third is large, but is

divided into two parts by the extremity of the interspinal which sup-

ports the small modified ray just mentioned.

This is shaped like an inverted U or a horse-shoe, and rests astride

of the extremity of the corresponding interspinal, the two limbs

passing down on either side through the large posterior foramen.

When erected it slides down over the anterior surface of the inter-

spinal, and the limbs then come into apposition with the preceding

expanded interspinal, so that it cannot be depressed until it is drawn

upwards again to its original position. The fixation is due to this

arrangement, the defensive ray being attached by a strong ligamen-

tous band to the extremity of this modified ray. The interspinal of

this horse-shoe ray is partly enclosed by the backwardly projecting

and strong spinous process of the fourth vertebra, and additional

strength is given by its union, by means of a thin osseous plate, to the

succeeding interspinal. Its extremity is smooth and is divided by a

slight transverse ridge into two parts, the posterior of which is a

continuation of the osseous plate between it and the succeeding inter-

spinal, originally formed in membrane, and, secondarily, united to the

bone developed round the cartilaginous interspinal.

The succeeding ray is the defensive one. It is completely osseous,

slightly curved, and terminates in a sharp point. Its base is ex-

panded and presents three processes—two lateral, which rest on

either side on the horizontal plate already described, and a ventral

one which fits into a slight depression immediately behind the extrem-

ity of the interspinal of the preceding ray. Immediately above this

ventral process is a perforation, which, when the ray is erected, re-

ceives the extremity of the preceding interspinal, and above this per-

foration is a rough surface for the attachment of the ligament by

which the ray is united to the preceding one. The interspinal cor-

responding to this ray is situated in the cleft extremity of the spin-

ous process of the fifth vertebra, and is united with the preceding

interspinal by the thin plate already described ; above it expands

22
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and unites with the horizontal plate forming the surface on which

the lateral processes of its ray rests.

The succeeding rays and their interspinalia are not modified. The

latter, five in number, lie below in the cleft extremities of the spinous

processes of the 6th-l 0th vertebrae. The rays are slightly expanded

and osseous below, but towards the extremities are horny, trans-

versely striated, and branch dichotomously.

A study of the development of these bones throws light on their

homologies. The horizontal plate which supports the defensive ray,

and the anterior prolongation of it, are formed in membrane (Fig. 10,

hp). The small ossicle lying in front of it is represented at an early

stage by a rod of cartilage, (Isp.l), lying almost in the longitudinal

axis of the body. The small n -shaped bone is also developed in

membrane, the bone on which it rests being partly formed in cartil-

age, (Isp.2) and partly (i.e., the posterior part) in membrane. The

defensive ray and its successors are formed in membrane, and its

interspinal (lsp.3) and its successors are preformed in cartilage. These,

then, being the facts, one must refer all those bones which are pre-

formed in cartilage to the category of interspinals, and all those

formed in membrane to that of rays. Accordingly, the anterior

bone, which is united by ligament to the horizontal supporting plate,

is the first interspinal, which early (even while completely cartilagin-

ous) has lost its typical position, and the horizontal supporting plate,

the anterior portion of it at any rate, is to be considered the ray

corresponding to it. The interspinal enclosed within the strong

fourth spinous process is then the 2nd, the small ossicle which it

supports being the 2nd ray. This second interspinal has a certain

amount of membrane united to it ; the lateral flanges which give a

point d'appui for the limbs of the 2nd ray, the thin plate uniting it

with the 3rd interspinal, and the portion of its extremity behind the

slight groove (in reality a continuation of the thin plate), being of

this nature. The third interspinal is also formed partly of cartilage

and partly of membrane-bone, the portion of the horizontal plate in

which the 3rd ray rests probably belonging to the membranous por-

tion of the 3rd interspinal, which has coalesced with the modified 1st

ray.
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The parts of the dorsal fin may be tabulated as follows :

—

1st Interspinal Ossicle in front of horizontal plate.

1st R.ay Anterior part of horizontal plate.

2nd Interspinal Only slightly modified.

2nd Ray The H -shaped bone.

3rd Interspinal \ ^^J modified
;
upper portion forms

L
( the broad surface for support of 3rd ray.

3rd Ray The defensive spine.

The succeeding interspinalia and rays are normal.

VII.—THE ANAL FIN.

The anal fin is constructed on the normal type, consisting of 21-22

rays, osseous at the base, but horny a slight distance outward. The
interspinalia are completely osseous, and are not quite regular in

their arrangement to the haenial processes of the vertebrse, two
interspinalia occurring at irregular intervals in the space between

two processes.

VIII.—THE CAUDAL FIN.

The caudal fin is also normal. The rays here are also osseous at

the base. Those in the centre are shorter than those above and

below, and a few short rays run forwards a short distance above and

below upon the body.

The adipose fin, containing no osseous skeleton, belongs more pro-

perly to the tegumentary system.

IX.—THE PECTORAL ARCH AND FIN.

The pectoral arch in Amiurus has undergone much modification

and has many points of difference from the arches of such forms as

Salmo and Esox. It consists of two principal divisions, termed by
Gegenbaur the primary and secondary shoulder-girdles. In the

majority of the Teleosts the latter is much the larger, the former

forming as it were a mere appendage to it. In Amiurus this is not

exactly the case, for the primary girdle, or at any rate an extension

of it, forms a large part of the pectoral arch. All parts of the arch

are completely ossified, and considerable modifications are present in

relation to the peculiar articulation of the fin ray.

The secondary shoulder-girdle consists of two pieces. The upper

or supraclavicula (Fig. 1 SCI) is a T-shaped bone, of which the

.upper portion of the transverse limb articulates with the pterotic
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and epiotic, and almost occludes the opening of the temporal fossa,

while the extremity of the vertical limb articulates with the side of

the basioccipital, and a process on its ventral surface near its junc-

tion with the transverse limb articulates with the stout transverse

process of the fourth vertebra. The upper portion of the lower

division of the secondary girdle lies in the deep groove between this

process and the extremity of the lower portion of the transverse

limb.

The lower piece consists of two portions coalesced, which may be

denominated the mesoclavirula (Fig. 6 MCI) and infraclavicula (1 01),

no trace of the constituent parts, however, persisting. Above are

three processes. The anterior (ap) which projects directly upwards,

fits into the deep groove mentioned above ; the median (mp) pro-

jecting backwards and upwards, lies behind the lower portion of the

ti'ansverse limb of the supraclavicula, and prevents excessive down-

ward and backward motion of the arch ; and the inferior (ip), which

projects directly backwards, lies quite free immediately below the

the skin, its outer surface being roughened by minute tooth-like

tubercles. The axis of this portion is almost directly vertical, below,

however, the bone curves inwards, becomes horizontal, and is united

by ligament with its fellow of the opposite side. The upper surface

of this portion, which is thin, is smooth. The under surface presents

several points for examination. Just below the base of the inferior

process mentioned above is a deep semi-circular groove (sg), in which

the correspondingly shaped basal process of the first fin-ray runs.

The ridge which bounds this on the outside is continued downwards

and then inwardly on the under surface, and with a corresponding

though slighter parallel ridge forms a groove. With the posterior

ridge the anterior edge of the coracoid (cor) articulates—a broad

process (br) extending across to the anterior ridge near its outer

extremity, and thus forming in this region a canal. By the expanded

outer and posterior portion of the coracoid overlapping the under sur-

face of the coalesced meso- and infraclavicula in that region, and not

further inwards, another canal is formed, which unites with the one

already described, both containing parts of the same muscle. No

post-clavicula is present.

The two pieces, coracoid (cor) and scapula (sc), of which the

primary girdle is originally formed have also become quite coalesced.
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The foramen (for), however, which usually occurs between them, is

still present and indicates that while the scapular portion is very

small the coracoid has reached a very great degree of development,

meeting with its fellow in the middle line, and being united to it by

sutural union. This coracoid has been described (by Huxley for

instance) as the clavicle, but this must be a mistake, for in a well

macerated skeleton, this portion separates perfectly from the portion

in front, the clavicle, showing that these two are not the same. If

the extension of the coracoid, towards the middle line, seen, for

instance, in the Gadidce, be continued still farther, the arrangement

which obtains in Amiurus will result. The upper surface of these

coalesced bones presents no point worthy of special notice, but on the

ventral surface of the outer portion the following points may be

noticed. First of all there is the bridge-like process (br) which

extends over to the anterior ridge on the under surface of the infra-

clavicula, and at its base a high ridge (r) is to be seen which dimi-

nishes rapidly as it passes inwards, and is soon lost. Slightly exterior

to this is a small rod-like process (rp), which articulates with the

inner basalia of the fin, and from its base a fine spicule of bone (sp)

passes transversely across to the posterior margin, its anterior portion

giving an articular surface to certain of the radialia. This spicule

forms an arch through which a muscle runs and just below its

anterior point of attachment is the foramen between the scapular

and coracoid portions.

From the arrangement of the articulations of the fin, and from

general characters, I am inclined to refer to the scapula, the thin

triangular portion, which is well marked off, and whose limit on the

exterior edge would be a line drawn from the base of the rod-like

process for the inner basale. The spicule-like arch belongs probably

to the coracoid portion.

The fin consists of two principal rows of elements. The proximal

row consists of three elements, two osseous and one cartilaginous.

The posterior element (the fin being erected) is osseous, a rather

slender rod tipped with cartilage at either end. Proximally it does

not reach the pectoral arch, a small cartilage intervening. This is

Huxley's1 metapterygial basale. The next element, proceeding

1 Huxley.—Anatomy of the Vertfthrates. London, 1871.
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anteriorly, is similar in appearance, but stouter. Distally, like the

basale, it supports the tin rays, but proximally it articulates with the

upper surface of the anterior extremity of the spicule-like bridge.

Between the distal ends of this, which is a radial and the basale, is

a small cartilage, embraced by the fin-rays. The next element,

anteriorly, is a large cartilaginous nodule, articulating with the

extremity of the rod-like process of the coracoid, and supporting the

fin rays. It probably represents another radial. Huxley's meso-

pterygial basale is here, as is usual, ossified with the anterior fin ray.

Concerning the majority of these structures nothing need be said

but that they are on the same plan as the rays of the unpaired fins.

The most anterior ray (fig. 7), however, requires special mention. It

is completely ossified, terminates in a sharp point, and has the

posterior edge serrated. By special arrangements it can be firmly

fixed in the erect position, and can only be depressed by rotation

through an angle of H0°
; it is therefore an important weapon for

defence or offence. These arrangements are as follows :—From the

upper surface of the base (the original mesopterygial basale) a high

semicircular ridge (sr) arises, and the proximal extremity terminates

in two processes (tps and tpi), including a deep groove between them.

When the fin is erected the semi-circular ridge runs into the semi-

circular groove (fig. 7 sg) at the base of the inferior process of the

mesoclavicula, and at the same time the outer edge of the coracoid is

received into the groove between the two terminal processes. Move-

ment directly forward or directly backward is now effectually

prevented, and flexion can only be accomplished by rotation, when

the ridge slips out of its groove, and the outer edge of the coracoid out

of its groove.
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The terms applied to the different parts of the pectoral arch have

varied much at different periods. The following table will illustrate

this :
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X.—PELVIC ARCH AND FIN.

The pelvic arch consists of two similar pieces united in the middle

line. The anterior part of each piece is very thin, and is produced

into a point at the outer angle. The posterior edge is rounded, and

gives articulating surfaces for the rays of the ventral fin—eight in

number. Posteriorly in the middle line there is a hoi*se-shoe shaped

cartilage, the concavity of which is directed backwards, the two

limbs of which give attachment to portions of the infracarinales

muscles. Cristse for the attachment of muscles traverse the thin

portion, and the posterior border is edged with cartilage. According

to Davidoff * these bones are not homologous with the pelvis of the

Elasmobranchs, but. corresf>ond to the metapterygial basalia much

enlarged. The pelvis of Amiwrus corresponds very closely to the

description of that of Barbus Jiuviatilis given by the same author,

the horse-shoe shaped cartilage representing the stout posterior pro-

cess as in that form.

The reduction of the radialia which characterises the Teleosts

when compared with Elasmobranchs and Ganoids is here carried to

its greatest extreme, these structures being entirely absent. The

fin-rays have the usual character.

Having now described the structure of the various parts com-

posing the skeleton of this Siluroid, it remains to point out one or

two generalizations with regard to it. In the first place its relation

to the Cyprinoids is close, as evidenced by the modifications of the

anterior and the tail vertebrae, and also by the relations of the audi-

toiw apparatus.

Secondly, there is evidence that the Siluroids have branched off

at a very early period from the primordial Teleosts. This is shown,

as has been already stated, by the almost complete ossification of the

skull, and also by the extent of the specialization of the various

parts. The canal for the orbital muscles has almost disappeared,

showing that Amiurus has passed through a stage in which it

possessed a complete canal, a stage in which the Cyprinoids still

remain. The perfectness of the arrangements for the fixation of the

1 Davidoff—Beitrage zur vergl. Anat. d. hinteren Gliedmasse d. Fische. Morph. Jarhb. VI.

1880.
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anterior ray of the pectoral fin also points to the lapse of a consider-

able period of time, during which small successive changes have been

wrought, and the extent of the modifications of the dorsal fin for the

same purpose point to the same conclusion. Other evidences of a

similar nature are to be seen in the absence of any neural arches

corresponding with the haemal processes which support the rays of

the caudal fin, and in the complete abortion of the radialia of the

ventral fin.

All these latter points are, however, subordinate to the first in

determining the relative position of Arniurus. Since the course of

development, as is shown both by the ontological history of any

form, and by the study of the various vertebrate groups, leads from

a purely cai'tilaginoua to a purely osseous skeleton, the amount of

cartilage present in the skeleton of any fish is in indirect relation to

the extent of its development. This character is necessarily less

subject to the modification of external conditions than other parts,

so that even though certain of these may undergo great specialization,

yet if a considerable amount of cartilage be present in the skeleton,

the form under consideration must be considered as standing com-

paratively low in the group. The Lophobranchiates, for instance,

have undergone modifications, even more striking than those of

Arniurus, but since the relative amount of cartilage in the skull is

greater, and the parts modified may all be readily influenced by the

-conditions of existence, the members of this group must be placed

lower among the Teleosts than Arniurus.

In conclusion, a few words concerning the process of ossification.

From what has already been said in this paper, it will be seen that

what may be termed several modes of ossification are present. We
have, in the first place, the deposition of the bone in general connec-

tive tissue, forming certain of the ' Deckknochen,' and the bones

around the mucous canals ; we have, secondly, cement-bone, as in the

premaxillse and dentary ; and we have, thirdly, perichondral bone, as

in the prootic, palatine, etc. It has also been shown that all these

forms of bone formation pass into one another perfectly, no dividing

line marking the termination of one form and the commencement of

another. Not only, however, do they thus pass into one another,

but they also replace each other. This is very evident in the case of

the frontal, maxillae, vomer, parasphenoid and mucous canal bones.

At one time these bones were probably formed by the union of the
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cement plates, as has been shown by Hertwig, 1 but in the process of

time, by a shortening of their developmental history, the bone came

to be deposited directly in membrane, without any previous tooth-

formation. The same thing may happen with certain perichondral

bones, as, for instance, the palatine and the branchial arches. These

in some Teleosts are formed from cement-bone, but in Amiurus are

developed perichondrally, a shortening of the development again

taking place.

But not only are these different varieties of bone identical in their

histological features, and not only are they able to replace each other,

but they also are identical in their histogenesis. In all osteoblasts

are present (either transformed cartilage or connective tissue cells)

and secrete the calcareous matter which is deposited in an organic

non-cartilaginous substance. This is very evident in the case of the

' Deck-knochen' and mucous-canal bones. It is also the case with

cement bones which are formed of osseous trabecular deposited in

membrane by means of osteoblasts, the cement plates of the teeth

themselves arising, " theils direct als Abscheidung einer zelligen

Anlage (cement membran), theils durch Verknocherung des den Zahn

ungebenden Bindegewebes2 ;" so that the formation of the subsequent

osseous trabecular is merely a continuation of the original process

which formed the individual cement plates. And again, with regard

to the perichondral bone the same thing may be shown to obtain.

With the growth of the bone secreted by the osteoblasts there is a

concomitant absorption of the cartilage, the cartilage cells probably

being partially transformed into osteoblasts, by whose agency new

trabecule are formed occupying the place of the lately absorbed

cartilage, there being no deposition of the calcareous matter in the

cartilaginous matrix. This is what occurs in centripetal perichon-

dral bone3
. The processes in centrifugal perichondral bone are simi-

lar to those to be seen in the formation of cement-bone.

In the dentary portion of the mandible there is a combination of

the cement process with the centrifugal perichondral process, in which

union of processes is seen the close relationship between perichondral

and cement-bone. For exactly the same process goes on as in the

premaxilla? and the palatines. The osteoblasts which have given

rise to one individual cement plate carry on their work of bone

1 0. Hertwig—loc. cit. * 0. Hertwig—loc. cit. 3 See Schmid-Monnard—loc. cit.
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formation, producing osseous trabecule which replace the cartilage

as it becomes absorbed, so that one might justly term the dentary a

cement bone.

It has now been shown that membrane-bone, cement-bone, and peri-

chondral bone can replace each other, that they are identical in

their histological characters, and also that they are identical in their

mode of formation. A comparison of the upper portions of the

premaxillse with the frontals shows that the process of bone forma-

tion is in both cases the same, and similarly a comparison of the

dentary with the palatine or prootic shows that the centripetal peri-

chondral method can start and be in relation with cement bone just

as well as centrifugal perichondral bone ; for in the prootic, palatine,

etc., a layer of bone is first deposited outside the cartilage and by the

formation of trabecular in connection with this, and extending out

into the surrounding connective-tissue, the bone grows in thickness.

There can be no good reason, then, on histogenetic grounds, for the

separation of these varieties into different groups.

The Gegenbaurian distinction of bones into primary and secondary 1

is now proved to be imperfect, and consequently also "Vrolik's"2 classi-

fication of bone formation into perichonrostotisch and enchondrosto-

tisch. Walther3 from his observations on the pike, classifies the

various kinds of bone thus :

—

!1.
Cementknochen (primare Deckknochen).

2. Bindegewebsknochen (secundare Deckknochen).

3. Perichondralknochen (centrifugal wachsend).

Knorpelknochen i
L Perichondral (centripetal wachsend).

( 2. Enchondral (Bildung von Knochenkernen).

Goldi, again, in a very recent paper, objects to Walther's distinc-

tion between centrifugal and centripetal perichondral bones and

classifies thus :

—

T u ,, , ( 1. Cementknochen.
1. idautknochen

{
( 2. Bindegewebsknochen.

II. Perichondrale j 1. Exo-perichondral (centrifugal wachsend.)

Knochen ( 2. Endo-perichondral (centripetal wachsend),

and refers to a third group endrochondral bones, i. e., those formed

from a centre of ossification in the centre of the cartilage.

1 Oegenbaur— Elements of comparative anatomy.
2 Vrolik— loc. cit.

8 Walthtr —Die Entw. d. Deckknochen am Kopf-skelet des Hechtes (Esox lucius). Jen.

Zeit. Ed. XVI., 1882.
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It is a question whether from the facts of development one is

entitled to lay such stress upon the presence of cartilage, and thus

to separate so distinctly the perichondral from the membrane bones.

I should prefer to have two classes of bone-formation (I.) that in

which the calcareous matter is first deposited in the centre of the

cartilage, and (II.) that in which it is not. In the first class

enchondral bone would be placed and in the second the other four.

But since such classification should indicate the ontogeny of the bone

as well as its histogenesis, since the preformation of a bone in carti-

lage is of great use in determining its homologies, the second class

should be subdivided. My classification would then be as follows :

—

I. Bones developing from ossificatory centre in the cartilage.

1. Endochondral bone.

II. Bones which do not develope from ossificatory centre in the cartilage.

A. Bones preformed in cartilage :

1. Exoperichondral (centrifugal).

2. Endo-perichondral (centripetal).

3. Cement bones which replace cartilage.

B. Bones not preformed in cartilage :

1. Membrane bones.

2. Cement bones which do not replace cartilage.

Guelph, February 25th, 1884.
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The group of the physostomous fishes shows many structural diver-

gences from the common type, and in the osseous and muscular sys-

tems this fact is especially noticeable. In no large group do we find

the structure identical throughout the various members, but varia-

tions occur sometimes in one, sometimes in another particular, ac-

cording to the natural conditions under which the animal exists.

The osseous and muscular systems being so closely related, one would

naturally expect to find great modifications of the one accompanied

by equal modifications of the other, the extraordinary development of

a muscle causing an extraordinary development of the parts to which

it is attached, and, vice versa, the modification of a bone for any

special purpose being accompanied by a suitable modification of the

attached muscles.

Vetter 1 has given a detailed account of the myology of the head

and arches of Cyprinus, Barbus, Esox and Perca ; Cuvier 2 before him

a complete account of the musculature of Perca ; and similarly Owen *

and Stannius. 4 In the succeeding pages I propose giving an account

of the myology of Amiurus catus, a Siluroid, and comparing it with

that of other members of the Physostomi, with the object of showing

the coordinate modifications of parts and of deducing probable homo-

logies. I may state here that I am indebted to Prof. R. Ramsay
"Wright for information regarding the innervation of the various

muscles, he having studied this subject, so necessary in discussing

homologies, in connection with the nervous system of Amiurus. In

connection with the muscles of the head and arches, in drawing com-

1 VetUr—Untersuchuugen ziir vergl. Anat. der Kienien, und Kiefer-Muskeln der Fische.

Th. II., Jen. Zeit. Bd. xii.

' Cuvier et Valenciennes—Hist. Nat. des Poissons, Paris, 1828.

* Owen—On the Anatomy of Vertebrates, Vol. I., London, 1866.

* Stannius—Handbuch der Zootomie, Bd. I.
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parison with other forms when no authority is given for statements

regarding these, it may be assumed that they are drawn from Vet-

ter's paper.

I shall divide the various muscles into the following groups, ac-

cording to their present relations :

—

I.—Mandibular Muscles.

II.—Muscles of the Palatine arch.

III.—Opercular Muscles.

IV.—Muscles of the Hyoid arch.

V.—Muscles of the Branchial arches.

VI.—The Trunk Musculature.

VII.—Muscles of the Pectoral arch and fin.

VIII.—Muscles of the Pelvic arch and fin.

IX.—Muscles of the Dorsal fin.

X.—Muscles of the Anal fin.

XI.—Muscles of the Caudal fin.

I.—MANDIBULAR MUSCLES.

In removing the integument from the side of the skull, one ex-

poses a strong fascia, attached above to the frontal and supraoccipital

bones, and covering the large adductor mandibulce. Behind, it is

attached to the descending ridge of the supi-aoccipital, and thence

passes to the posterior border of the hyomandibular, preoperculum,

and quadrate, whence it is continued on to the mandible. In front

it contains behind the eye the chain of infraorbital bones. Passing

below the eye, it passes forward and is attached to the antorbital pro-

cess, continuing on over the nasal region, and containing the nasal

and adnasal bones, to be finally inserted into the premaxillse. On

.

removing this fascia one exposes the

1. Adductor Mandibulce, (No. 20, Cuv.; Retractor oris, Owen
;

M. Masseter, Ag.) (PI. III., Fig. 1, AM.)

This is a broad thick muscle, which fills up the depression

on the side of the skull. It arises from a semicircular ridge

commencing anteriorly and above on the outer edge of the ecteth-

moid, extending thence along the frontal and supraoccipital.

The muscle covers the sphenotic and pterotic, from the edges of

which fibres also originate. Descending posteriorly, the line of origin

passes along the posterior edge of the hyomandibular and preopercu-
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lum, and thence to the quadrate. Certain fibres also take origin

from the surface of the hyomandibular and from the transverse ridge

on that bone. These fibres are at first distinct from the main muscle

but soon unite with it. The lower fibres pass obliquely forward, and

are inserted directly into the posterior edge of the process of the

articulare, uniting partly with the remaining fibres. These converge

towards the inner surface of the mandible, uniting to form a tendon

on the inner surface of the muscle which is inserted into the longitu-

dinal ridge on inner surface of articulare and the inner surface of

the dentary, Meckel's cartilage receiving also some fibres.

Innervation.—It is supplied by the trigeminus. The deeper

portions are supplied by a branch arising from the upper lateral

strand of the trigeminus before its division into the superior and in-

ferior maxillary branches. The superficial portions are innervated

by a branch arising just behind this.

Action.—The add. mand, raises the jaw after it has been depressed

by the geniohyoid, and is therefore the opponent of that muscle.

In most Teleostei the add. mand. consists of three portions, of

which the upper passes to the maxilla, the others to the mandible. In

Esox, an arrangement more related to that occurring in Amiurus ob-

tains. The superficial portion is wanting, but the other two portions

are distinct. Of these the upper, arising from the upper part of the

semicircular ridge and inserted into the inner surface of the articu-

lare and Meckel's cartilage, corresponds to the upper portions of the

muscle in Amiurus ; while the deeper one, arising from the mefcapt-

erygoid and lower part of the semicircular ridge and inserted into

Meckel's cartilage, a tendon uniting with that of the upper portion,

corresponds with the lower portion of the muscle in Amiurus plus

that arising from the transverse ridge and sui'face of the hyomandi-

bular which here usurps the position of the metapterygoid, the

slight difference in the insertion being no greater than that which

obtains fc Esox and Barbus in the deeper portions, which in these

forms are clearly homologous. From the position of the muscle one

may conclude that it is an angular structure, i.e., belonging equally

to the upper and lower moieties of the first post-oral arch, and this

conclusion is confirmed by the innervation, the supplying branches

leaving the trunk of the trigeminus before its division into the

superior and inferior maxillary branches. Since the maxilla is a

splint-bone belonging to the upper half of this arch, one would sup-
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pose that originally it received a portion of the muscle, and that the

arrangement now seen in Gyprinus, Barbus, and Perca, is the older

one, that of Esox and Amiurus being the later modification.

2. Adductor Tentaculi.—(PL III., Fig. 1, and 2, AT.)

On cutting through the insertion of the add. mand. and reflecting

it, a muscle is exposed which is apparently characteristic of the

Siluroids. It arises from the outer surface of the metapterygdid, its

upper portion being covered by the lev. arcHs palatini. It runs for-

ward beneath the add. mand., forming the inferior boundary of the

orbit and being crossed by the fifth nerve. Anteriorly it becomes

tendinous, the tendon near its insertion dividing into two slips, be-

tween which the nerve supplying the tentacle passes. One of these

slips is inserted into the upper, the other into the lower border of the

base of the maxilla, which encloses the proximal portion of the

tentacle.

Innervation.—It is supplied by a branch of the same nerve that

supplies the deeper portions of the add. mand.

Action.— It draws the tentacle backwards towards the middle line,

opposing the anterior portion of the add. arcu$ palatini.

The position and innervation of this muscle leads to the conclu-

sion that it is a part of the add. mand. which has been separated off

for a particular purpose. It does not, however, compare with any

of the three parts of that muscle in Barbus or Perca, nor even with

the fourth part, which is sometimes present, as in Cyprinus, since

this is formed by a division of the superficial portion. Since the

osseous support of the long tentacle is the maxilla, this muscle

bears a certain amount of analogy to the superficial portion of the

add. mand., but it cannot be its homologue. The relation of the

maxilla to the tentacle was probably secondary, and since the power

of moving the tentacle would always have been an advantage it is

probable that originally the muscle was inserted into the tentacular

cartilage, its insertion into the maxilla only occurring after that bone

had commenced to be a support and had enclosed the base of the

tentacle. There are two theories which will account for the presence of

this muscle. (1) It may be a new structure evolved for a particular

purpose, or (2), it may be the representative of a muscle present in

ancestral forms but which has disappeared in all the Teleostei

hitherto examined. If the latter is the correct explanation, one
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should be able to point to homologous muscles in the lower forms.

Can this be clone '? As to the Ganoids, to which one would naturally

turn, I have not been able to consult any account of their muscula-

ture, with the exception of Vetter's description of Acipenser, in

which, apparently, no homologue is present. 1 In the Elasmobranchs 2

however, there are muscles with a certain amount of similarity. In

Chimcer i the lev. anguli oris consists of two portions, of which the

posterior arises principally from the lower border of the orbit, is in-

serted into the inner surface of the posterior inferior labial cartilage,

and is innervated by twigs from the R. maxillaris inferior trigemini.

The Plagiostomi present a muscle even more analogous. It is absent

in Heptanchus, in Acanthias, but strong in Scyllium, and arises from,

the under surface of the orbital regions of the skull. It passes for-

wards and is united by connective tissue to the posterior superior

labial cartilage, union occurring also with the add. mand. It is inner-

vated by a twig of the second branch of the trigeminus, which runs

over the muscle into the integument of the upper lip. Vetter terms

this muscle the lev. labii superioris.

The difference between this muscle and the add. tent, may possibly

be explained by the presence of the membrane bones in the Teleos-

tean skull, but nevertheless it seems that the first hypothesis is to be

preferred. As I have already shown in a preceding paper, the Sil-

uroids must have branched off very early from the original stem of

the Teleosts, and have undergone much specialization. The presence

of the tentacle itself is a great specialization, and since it would be of

advantage to the fish that this should be capable of voluntary move-

ment, there would be a tendency for a separation of certain fibres of

the add. mand. for this purpose, which tendency would in the course

of time result in the production of a perfectly distinct muscle. The

innervation points very strongly to this theory, and the adaptation

of the anterior fibres of the add. arc&s palatini to act as an abductor

tentaculi also accords with it.

3. Musculus Intermandibularis, (No. 21, Cuv.) (Fig. 3, Im.)

This muscle is seen on removing the integument from the under

surface of the head. It lies immediately behind the symphysis of

the mandible, running transversely from one ramus to the other.

1 Vetter—Lo>:. cit.

2 Vetter—Untersoh. ziir vergl. Anat der Kiemen-und Kiefer-Muskeln der Fische. Th. I.,

Jen. Zeit. Bd. viii.

23
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Innervation.—A branch from an anastomosis of R. maxillaris inf.

trlgemini and R. hyoideo-mandibularis facialis.

Action.—Prevents the separation of the rami of the mandibles

whether from pressure within or from the action of the lev. arcds

palatini.

II.—MUSCLES OF THE PALATINE ARCH.

1. Levator Akcus Palatini, (No. 24, Cuv.; Lev. suspensorii, Stan.;

Lev. tympani, Ow.) (Figs. 1 & 2, LAP).

This is exposed on cutting through the upper and posterior

portions of the insertion of the add. mand., and reflecting it.

The muscle may be described as consisting of two parts. The

anterior portion is triangular and thick, and arises from the poste-

rior border of the antorbital process and from the inferior surface

and the edge of the ectethmoid and frontal. Its fibres arching

over the orbit and passing below the add. mand., unite to a tendon,

which is inserted into the extremity of the transverse ridge of the

hyomandibular. The posterior part is quadrangular and thin, and

arises from the edge of the sphenotic. Those fibres arising from the

rudimentary postorbital process are at first tendinoiis but soon be-

come muscular, and, along with the more anterior ones, pass directly

downwards to be inserted along the whole upper surface of the trans-

verse ridge on the hyomandibular, a few fibres passing to the surface

of the bone above the ridge.

Innervation.—It is supplied by a branch from an independent

strand of the trigeminus which accompanies the R. maxillaris sup.

Action.—It raises the palatine arch. The anterior triangular por-

tion will also pull it forwards.

This muscle is very similar in its relations to that of Esox, but dif-

fers slightly from that of other forms. The innervation differs also

slightly, Vetter describing it in the forms he studied as being by a

branch from the R. maxillaris inferior. Here, however, the inde-

pendent strand must be equivalent to this branch, since like it it

also supplies the dilatator operculi. The great differentiation which

the trigeminus shows accounts for these slight dissimilarities.

2. Adductor Arcus Palatini, (No. 22, Cuv. ; Constrictor, Stan.

;

Depressor tympani, Ow.)

This consists of two distinct parrs. The posterior portion is ex-

posed by removing the branchial and lower part of the hyoid appara-
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tus and so exposing the under surface of the skull. It is covered

below by a dense fascia, in the anterior prolongation of which is the

bone denominated No. 4. This posterior portion arises from the

edges and the ascending process of the parasphenoid, and from the

contiguous surface of the prootic. The fibres pass directly outwards

and are inserted into the inner surface of the metapterygoid and an-

terior portion of the hyomandibular. The anterior portion may best

be seen on the outer surface of the skull, after removing add. mand.

and lev. arc. pal.. It arises from the parasphenoid, orbitosphenoid

and upper surface of No. 4, which is developed in the fascia covering

its inner surface. It passes outwards and is inserted into the inner

surface of the posterior half of the palatine.

Innervation.—Both muscles are supplied by a special branch of

the facial—the R. muse. add. arcUs palatini.

Action.—The posterior portion depresses or adducts the palatine

arch after it has been raised or abducted by the lev. arc. pal. The
anterior portion acts directly on the posterior extremity of the pala-

tine, and indirectly through it on the tentacle. By pulling the pos-

terior extremity of the palatine inwards it forces its anterior ex-

tremity outwards. To this is attached a portion of the dense fascia

which covers the antorbital process and adjacent parts, fibres of which

are also inserted into the base of the maxilla. When, therefore, the

muscle acts, the fascia is rendered tense, and by the arrangement of

the osseous parts acts on the maxilla, drawing the tentacle forwards.

This anterior portion acts therefore as the opponent of the add. tent.

The muscle in Esox corresponds to the posterior portion in Amiurus,

the anterior portion being apparently wanting. In Gyprinus, how-

ever, the origin is continued forward on the orbitosphenoid, and is

more like what has been described. In neither of these forms, how-
ever, do any fibres pass to the palatine, being wholly confined to the

metapterygoid and entopterygoid, and extending in Perca back to

the hyomandibular. At first sight the anterior portion does not

seem to have any relation to the posterior, since, from its lying on

the outer (upper) surface of No. 4, it seems to belong rather to the

outer surface of the skull than the inner. But, when the relations

of that bone are considered, it is at once evident that this anterior

portion is a special modification of the anterior fibres of a muscle

similar to that of the Cyprinoids.
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3. Adductor Hyomandibularis, (No. 26, Cuv. in part ; Depressor

suspensiorii, Stan.-; Depressor operculi, Ow., in part.)

This muscle is very closely related to the add. operculi, lying im-

mediately in front of it and partly overlapped by it. It arises from

the lower surface of the pterotic, and passes downwards, outwards

and forwards, to be inserted into the hyomandibular immediately

above the opercular process.

Innervate on.—Ramus opercularis facialis.

Action.—It aids the add. arc. pal.

The relations of this muscle correspond almost exactly with those

of the corresponding muscle in Perca. In Esox, however, it is merely

a part of the add. arc. pal., while in the Cyprinoids it has a much

greater origin and insertion than in any of the other forms.

Ill—OPERCULAR MUSCLES.

1. Levator Operculi, (No. 25, Cuv.) (Figs. 1 & 2, LOp.)

The levator of the operculum is exposed by removing the integu-

ment from the side of the head and stripping off the posterior

continuation of the fascia covering the add. mand. This poste-

rior continuation is not directly continuous with the anterior

portion, but takes origin from the posterior edge of hyomandibular

and preoperculum, and is attached above to the edge of the pterotic

and below to the upper surface of the operculum, being posteriorly

continuous with the fascia covering the trunk musculature. The

muscle arises from the posterior edge of the ridge on the hyomandi-

bular, and from the edge of the pterotic. Its fibres are directed

downwards and slightly backwards, and are inserted into the whole

upper border of the operculum.

Innervation.—R. opercularis facialis.

Action.—It pulls the operculum upwards and slightly forwards,

helping the dilatator.

2. Dilatator Operculi, (No. 25, Cuv., anterior part ; Lev. operculi,

ant. part, Ow.) (Fig. 2, Dil. Op.)

This muscle lies immediately below and behind the lev. arc. pal.,

and is closely related to it. The anterior part forms a very

strong tendon, which arises by muscular fibres from the under

surface of the frontal and ectethmoid above the orbit and be-
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low the first portion of lev. arc. pal. The tendon passes obliquely

backwards and is inserted into the anterior and upper surfaces of the

process by which the operculum articulates with the hyomandibular.

The origin of the muscle is continued backwards on the ventral sur-

faces of the frontal and sphenotic, a few fibres arising from the lat-

ter behind the postorbital process, and posteriorly a few take origin

from the surface of the hyomandibular and from the ridge on its

posterior superior angle. The majority of these fibres unite with the

strong tendon, only those which arise from the hyomandibular being

inserted directly into the opercular knob.

Innervation.—It is innervated by a branch of the nerve which

supplies the superficial portion of add. mand., i.e., a branch from the

trigeminus arising behind the branch for the deep portion of add.

mand. and add. tent.

Action.—Raises the operculum, and swings it outwards on its ar-

ticulation with the hyomandibular.

In Esox this muscle is weak and does not extend forwards beyond

the posterior extremity of the articulation of the hyomandibular

with the pterotic. In Perca it reaches the sphenotic, but in none

does it extend as far as in Amiurus. In other Teleosts the innerva-

tion is from twigs from the branch of R. max. inf. trigemini, which

supplies the lev. arc. pal.
t
while here the innervation would indicate

a closer relationship with the add. mand.

3. Adductor Operculi, (No. 26, Cuv. ; Depressor operculi, Stan, et

Ow.)

This may be seen by cutting through the insertion of the levator

operculi and reflecting it, or better, by the dissection required for

exposing the add. arc. pal. and add. hyomand. It arises from the

inferior surface of the pterotic, and is inserted into the posterior edge

of the upper border and the upper part of the inner surface of the

operculum.

11enervation.—Ramus opercularis facialis.

Action.—Approximates the operculum to the side of head, and is

therefore the opponent of lev. and dil. opercnli.
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IV.—MUSCLES OF THE HYOID ARCH.

1. Geniohyoideus, (No. 27, Cuv.) (Fig. 3, GH).

This muscle which runs along the inner side of the ramus of

the mandible, may be exposed by removing the integument from

the lower surface of the skull and turning back the intermandibu-

laris which covers its insertion. It arises from the posterior

portion of the lower (ventral) and outer surfaces of the ceratohyal,

and also from the epihyal at the bases of the upper branchiostegal

rays. It passes forwards as a thick muscle, inclining slightly in-

wards towards its fellow of the opposite side, the inner fibres being

inserted into a median aponeurosis between the two, no interdigita-

tion occurring. The greater bulk of the muscle inclines outwards,

and is inserted into the posterior surface of the anterior part of the

ramus of the mandible, being partly covered by the intermandibu-

laris. Crossing the anterior portion of the muscle obliquely are two

tendinous bands, (Fig. 3, ti, ti
1
), to which are attached the cartilagin-

ous supports of the tentacles of the under surface.

Innervation.—R. hyoideo-mandibularis facialis.

Action.—According as the hyoid or mandibular arches are fixed

this muscle acts in different ways. If the hyoid is fixed by the

hyoclavicularis it acts on the mandible, depressing it. This is its

usual action. If, however, the mandible is fixed by the powerful

add. mand., it raises the hyoid arch and through it the operculum,

thus aiding the lev. and dil. operc. Through the tendons which

pass across it, it is the means by which the tentacles resting on these

tendons move, but the range of motion thus imparted is very small.

The simplicity of this muscle contrasts somewhat with what occurs

in Esox, and agrees more closely with the arrangement in Barbus.

In Cyprinus the origin is similar, and in Barbus the muscles of either

side do not interdigitate as they appear to do in other fishes. In

Esox and Cyprinus a median enlargement of the muscle occurs. The

tendinous bands are of course peculiar to the Siluroids.

2. Hyohyoideus, (Nos. 28 and 29, Cuv. ; Lev. and Dep. branchios-

tegarum, Ow.)

This is exposed by the dissection required for the preceding with

the removal of the integument from the branchiostegal rays. It

may be considered as being composed of two portions, of which the
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posterior belongs essentially to the branchiostegal rays. This por-

tion (Fig. 3, Hh 1
) arises from the inner surfaces of the operculum

and interoperculum, extending from them to the dorsal border of the

first branchiostegal ray Thence it passes below that ray to the dor-

sal border of the second, and so on to the most internal ray, becom-

ing narrower as it nears the median line, and having its central fibres

better developed than the lateral ones. From the last ray the

muscle extends upwards and forwards, and is inserted into the apon-

eurosis which separates it from its fellow.

The anterior portion (Fig. 3, Hh 2
), arises from the upper border

and surface of the ceratohyal and hypohyal, and passing inwards is

inserted into the aponeurosis between it and its fellow.

Innervation.—R. hyoideo-mandibularis facialis.

Action.—Both portions act as constrictors. The posterior portion

will close the aperture of the gill cavity by shutting down upon it

the branchiostegal membrane. The complete closure of the "gill-

slit" is necessary in order that the hyoid apparatus and its muscles

may properly perform their pumping action. The anterior portion

approximates the hyoid arches, and thus aids the posterior portion,

drawing the whole hyoid apparatus towards the side of the skull.

The hyohyoideus varies somewhat in different forms. In Esox it

passes as a continuous sheet over the branchiostegal rays, not passing

from one to the other as in Amiurus and the Cyprinoids. In Perca

and Esox the muscle passes directly across to the hyoid arch of the

opposite side, and in the latter there is a separation into two bundles

of which the outermost passes forward and is inserted into the cera-

tohyal and hypohyal, and therefore corresponds to the anterior

muscle of Amiurus. In Perca neither Stannius nor Cuvier nor Owen
describes an anterior portion, but Owen states 1 that " In some fishes

a transverse muscle, repeating the characters of 21-, Fig. 135, (i.e.,

the intermandibularis), passes from one ceratohyal to the other." Vet-

ter terms that portion of the muscle which runs between the branchi-

ostegal rays the ' hyohyoideus superior,' grouping those portions

coming from the most internal ray and from the ceratohyal together

as the ' hyohyoideus inferior' an arrangement which in Esox is

quite proper, but will not hold with Amiurus.

l Owt>,n. —hoc. eit.
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3. Hyopectoralis, (No. 1 Cuv. ; Retractor hyoidei, Ow. ; Sterno-

hyoid, Stan, et Vetter.)

This muscle is exposed by removing the anterior portion of the

hyohyoideus and the inner part of its posterior portion. It arises

from the upper .(dorsal) surface of the clavicle and from the strong

ridge separating this muscle from the erector of the pectoral fin. It

passes forwards, lying anteriorly on the upper surface of the urohyal,

and being separated from its fellow by the median crest on that bone.

It is inserted into the anterior portion of the urohyal below its

small upper plate. (Fig. 4, Hy. P.)

Innervation.—Branch from the united first and second spinal

nerves.

Action.—By its contraction it draws the anterior extremities of

the hyoid arches downwards, and so enlarges the cavity of the mouth.

In respiration the branchiostegal membrane closing the gill-slit, the

action of this muscle will cause the flow of water into the mouth.

This being then closed by the powerful add. mand», the hyo-pector-

alis and hyohyoideus relaxes, and the geniohyoid then acting, draws

the hyoid arches upwards and forces the water out by the gill-slit.

I have ventured to indicate this muscle by a new name. That

used by Vetter is not appropriate owing to the absence of any struc-

ture which can be termed a sternum. Owen's name also is faulty,

since the action is not so much to retract the hyoids as to depress

their anterior extremities. The name applied above is analogous

with those of the other muscles of the hyoid arch indicating its in-

sertion and origin.

V.—MUSCLES OF THE BRANCHIAL ARCHES.

A.

—

Ventral Muscles.

1. Museums Hyobranchialis, (No. 35 Cuv. ; Pharyngo-hyoideus,

Pharyngo-arcualis and Interac. obi. vent, in part, Vetter).

After having exposed the hyopectoralis, it should be cut through

and reflected, and the fascia covering the under surface of the

branchial arches then removed. The hyobranchialis (Fig. 4, HBr.)

will then be seen as a stout muscle lying to the side of the

median line on either side on the under surface of the branchial

arches. It arises from the posterior surface of the hypohyoid by a

round tendon, which is continued some distance backwards on the
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dorsal surface of the muscle. Opposite the second branchial arch a

slip (HBr 1
) separates from the main muscle and is inserted into the

inner extremity of the anterior ridge of ceratobranchial iii. A
second slip (HBr 2

) is inserted similarly into ceratobranchial iv., the

main muscle passing straight backwards to be inserted into the an-

terior border of the pharyngeal inferior (ceratobranchial v.) In a

specimen of Amiurus nigricans (Les) Gill, fibres were also seen pass-

ing from the main muscle to ceratobranchials i. and ii. Certain

interarcual slips run parallel to the muscle proper, and, from their

relation to the slips to the ceratobranchials, may be considered as sec-

ondary parts of it. One (HBr 3
) arises from the point of attachment

of the slip to ceratobranchial iii., and passes back to the anterior

ridge of ceratobranchial iv., its insertion being closely related with

that of slip from main muscle to the same bone. A second bundle

(HBr4
) continues this first one backwards, and is inserted into the

inferior pharyngeal (ceratobranchial) along with the main muscle.

Action.—The hyoid being fixed it will draw the branchial appara-

tus forward, the interarcual slips approximating the arches to which

they are attached.

As indicated by the synonyms, the muscle under consideration i&

probably comparable to two or more distinct muscles in other Teleo-

stei. Tne main muscle seems to have certain analogies with the

muscle in Perca, termed by Vetter the pharyngo-hyoideus, and by

Owen the branchi-depressor, which extends from the urohyal to the

inferior pharyngeals on either side. The pharyngo-arcualis, which

is present in Esox and the Cyprinoids (in which the pharyngo-

hyoideus is absent), but absent in Perca, also presents resemblances.

It arises from the anterior border of the inferior pharyngeal, and

divides into two slips, the outer of which passes to ceratobranchial

iv., and is, therefore, comparable to the interarcual slip extending

between the same parts in A miurus. The inner portion inserts into

hypobranchial iii., uniting in Esox with the obliqui ventrales of

ceratobranchial iv. and hypobranchial iii. The first of these latter

muscles in Esox and the Cyprinoids sends a slip to the ceratohyal,

and that of the fourth arch besides passing to its own ceratobranchial

sends also a slip to the hypobranchial iii.

I am inclined to consider the hyobranchialis of Amiurus as equi-

valent to all these parts. If one imagines the pharyngo-hyoideus of

Perca, and the pharyngo-arcualis of Esox and the Cyprinoids united,
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oae will have a muscle passing from hyoid directly to the inferior

pharyngeal, and, in addition, sending a slip from that bone to

ceratobr. iv. ; and one can see in the slip of the obliquus ventralis

of the fourth arch which passes forwards to the third, a homologue

of the slip between ceratobrs. iii. & iv. in Amiurus. The hyoid and

branchial arches being the haemal arches of six of the vertebrae which

enter into the skull, one may suppose that in ancestral forms there

were sheets of muscle extending from one arch to the next, compar-

able to the myomeres of the trunk ; or rather, since these arches are

so early concerned in the function of respiration, it may be imagined

that each head cavity developed into muscle above and below, but

aborted in its median portion. We would then have on the under

surface of the branchial arches a series of muscles passing from the

hyoid to first branchial arch, from that to the second, and so on.

Next, the inner fibres of these myomeres united to form a muscular

belly extending from the hyoid directly to the fifth arch. The outer

fibres did not take part in this modification, or at least only to a par-

tial extent, certain of them becoming detached from their anterior

attachment and united to the large belly, the posterior attachment

persisting. The fibres passing to ceratobrs. i. and ii. in Amiurus

nigricans, are rudiments of these, and those to ceratobrs. iii. and iv.

persisting examples. Those outer fibres which did not become modi-

fied form the interarcual slips between ceratobrs. iii. and iv., and iv.

and v. In other fishes the process of specialization has gone on still

farther, certain slips becoming aborted and others losing their ori-

ginal connections, so that the primary relations are lost.

2. Musculi Interarcuales Obliqui Ventrales, (No. 38, Cuv.)

On removing the preceding muscle, these \ Fig. \, Ob. V 1 and Ob. V 2

)

are exposed. They are three in number in Amiurus, and are small

and triangular, extending from the hyobrs. i., ii. and iii., to the

ceratobrs. of the same arches.

Action.—They draw the arches downwards towards the middle

line and slightly forward.

These may be considered as modified representatives of the inter-

arcual slips between the third and fourth, and fourth and fifth arches.

The original course of the muscular fibres of the myomeres is repre-

sented by these latter, and since that of the fibres of the interarcua-

les obliqui is almost transverse, they must have been transferred
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from their original position. According to this view the fibres of

the first muscle originally ran from the ceratohyal to ceratobr. i. , as

indeed slips do in Esox and the Cyprinoids ; those of the second from

ceratobr. i. to ceratobr. ii. ; and those of the third from ceratobr. ii.

to ceratobr. iii. This supposition is supported by the fact that in

other Teleostei there is a fourth obliquus ventralis and no slip be-

tween ceratobrs. iii. and iv., as in Amiurus.

3. Musculi Transversi Ventrales, (No. 40, Cuv. ; includes

Transv. j)haryngei, Vetter.

)

These are two in number, exposed by the dissection required for

the preceding muscles. The anterior one, (Fig. 4, TV 1
), extends

between the ceratobr. of either side of the fourth arch, across the

lower surface of the branchial apparatus, the posterior (TV 2
) holds a

similar course between the inferior pharyngeals (ceratobr. v.)

Action.—They approximate the arches of opposite sides, the an-

terior one also drawing them slightly downwards.

The placing of the posterior muscle in a different category from the

anterior, under the name of pharyngeus tra7isversus, is'quite unneces-

sary, the two being serially homologous. The origin of these muscles

is indicated by the representative of the anterior one in the Cypri-

noids, it being there small and merely part of one of the obliqui

ventrales.

4. Pharyngo-Clavicularis Externus, (No. 36, Cuv. ; Branchi-

retractor, Ow.) (Fig. 4, PhE.)

This muscle and the following one may be seen by the dissection

required for the hyobranchialis, et seq., or still better, by dividing a

specimen longitudinally exactly in the middle line. The hyopec-

toralis will have to be removed from its attachment to the clavicle

to expose the origin. The pharyngo-clavicularis ext. arises from

the upper surface of the clavicle behind the insertion of the hyopec-

toralis, and passes upwards, forwards and inwards, to be inserted

into the anterior extremity of the inferior pharyngeal (ceratobr. v.

)

Innervation.—Branch from the fii-st spinal nerve.

Action.—Draws the pharyngeal backwards, downwards and slightly

outwards, opposing the transversus and hyobranchialis.
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5. Pharyngo-clavicularis Internus, (No. 37, Cuv. ; Branchi-

retractor, Ow.) (Fig. 4, Ph. In.)

A thin band-like muscle, arising from the upper surface of the

clavicle near the middle line, and is inserted slightly behind the

preceding.

Innervation.—Same as preceding.

Action.—Same as pharyngo-clav. ext.

B.

—

Dorsal Muscles.

6. Musculi Levatores Bhanchiales, (tfos. 30-33, Cuv. ; Branchi-

levatores and Masto-branchialis, Ow. ; Lev. branch, ext. and iwi.,

Vetter.)

These may be exposed from the inside by the dissection required

for the pharyngo-claviculares, or from the outside by removing the

opercular and hyomandibular apparatus and detaching the membrane

extending from the upper moieties of the gill arches to the under sur-

face of the skull. They are seven in number, three being attached

to the superior pharyngeal.

(a) Arises from a concavity on the posterior part of the under sur-

face of the pterotic. It is a round, stout muscle, which passes almost

directly downwards, and is inserted into the posterior portion of the

upper surface of the superior pharyngeal.

(b) Arises from the under surface of the pterotic in front of (a).

It is broad and thin, and runs obliquely forwards to be inserted into

the cartilages at the extremity of epibr. i.

(c) Arises from the pterotic in front of and slightly lower than

(6). It passes down between epibrs. ii. and iii., and is inserted into

the anterior portion of the upper surface of the superior pharyngeal.

(d) Arises from the sphenotic immediately below the articulation

of the hyomandibular. It passes down between epibrs. ii. and iii.,,

and is inserted just behind (c) (with whose fibres it intermingles some-

what below) into the antero-external portion of the upper surface of

the superior pharyngeal.

(e) Is closely related to (d) lying on its outer surface. They arise

together, and (e) passing downwards, is inserted into epibr. iii. at the

base of its process.

(/ ) Arises in front of (d) and (e) from the sphenotic, and is inserted

into the inner extremity of the anterior surface of epibr. ii.
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(g) Arises immediately in front of the last, and is inserted into the

upper surface of epibr. i, near its inner extremity.

Innervation.—(a) Is supplied by

(b) by a branch from tr. branchialis i. vagi; (c), (d) and (e) by branches

from tr. branchialis Hi. vagi
; (f) by branch from coalesced tr.

branchialis i. and ii., and (g) by a branch from the glossopharyngeal.

Action.—(a) By drawing the posterior part of the pharyngeal up-

wards, depresses its anterior portion
;
(c) and (d) act together, raising

the anterior border and depressing the posterior, and at the same

time the fibres of (d) will raise the outer border somewhat. These

muscles impart a rocking motion to the superior pharyngeal, which

must be very effective in grinding the food against the inferior

pharyngeal
; (6) draws the arches upwards and backwards, depressing

the posterior ones
;

(e), (/) and (g) draw the arches directly upwards.

Vetter describes these muscles into two groups, ' internal ' and
' external.' The latter in the Cyprinoids are five in number, in

Esox three. They are inserted in the former into the pharyngo-brs.

i., ii., iii. andiv., the three posterior sending a small slip to the epibr.

i., ii. and iii., respectively. The fifth muscle is inserted into the pos-

terior portion of the superior pharyngeal, and is therefore equivalent

to (a). The external muscles are three, being inserted into the phary-

ngobrs. ii. and iii., and epibr. iv. It would be difficult to homolo-

gize the arrangement in Amiurus with that of the other described

forms, but it is to be noticed that in the former the superior phary-

ngeal receives three muscles but only one in the latter.

7. Musculi Interarcuales Obliqui Dorsales.

These are exposed by the same dissection as the preceding, which

must also be removed. They are three in number. The first arises

from near the inner extremity of the posterior edge of epibr. i., and

runs back above and slightly exterior to the second, to be inserted

into the anterior edge of the upwardly directed process of epibr. iii.

The second, large and stout, lies below the first. It arises from the

posterior border of epibr. ii., near its inner extremity, and is in-

serted into the extremity and anterior edge of process of epibr.

iii. The third arises from the inner extremity and anterior edge of

the pharyngobrs., between the third and fourth arches, and, pass-

ing back, is inserted into the extremity and anterior edge of the

process on epibr. iv.
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Innervation.—The first is supplied by a branch from Tr.

branchicdis iii. vagi, and the second and third by a branch from

Tr. branchialis iv. of the same nerve.

Action.—They will tend to approximate the arches, and also to

tilt the posterior ones upwards.

In the Gyprinoids there are two sets of muscles, termed by Vet-

ter, ' obliqui dorsales inferiores] and ' obi. dors, superiores' In

Amiurus no such division can be made, nor is it possible to indicate

homologies between the forms.

8. Musculi Transversi Dorsales, (Cuv. 34 and 39.)

Exposed by removal of the preceding muscles and by the detach-

ment of the branchial arches from the skull. They are, like the cor-

responding ventral muscles, two in number. The anterior passes be-

tween the pharyngobrs. i., ii. and iii., of either side, the posterior be-

tween the ossa pharyngea superiora of opposite sides, the posterior

fibres passing into the fascia forming the posterior boundary of the

branchial cavity.

Action.—Approximate the arches of opposite sides.

These muscles probably correspond with the transversi dorsales of

Perca, the anterior of which extends between epibr. ii., the posterior

between pharyngobrs. iii. and iv. of opposite sides. In the Cypri-

noids only a single muscle is present, which corresponds to the pos-

terior muscle in Amiurus.

VI.—MUSCLES OF THE TRUNK.

These muscles, which are very numerous, one corresponding to each

intervertebral region, have usually been described as forming one

great muscle on each side, the great lateral muscle. This is conveni-

ent for description, the various muscles making up the great lateral

mass, being serially homologous and almost identical in appearance.

Each consists, in its typical form, of a muscular plate, (myomere),

the fibres of which run parallel to the long axis of the body, and arise

from and are inserted into a fibrous band (myocomma) 1 taking

1 These terms are here employed in the same manner as by Wiedersheim in his lately pub-

lished " Handbueh der Vergl. Anat. der Wirbelthiere." As originally used by Owen, myoeom-

ura signified the muscle, the derivation being given as (co/u^a—a segment. As here used its

derivation will be from kowxol—a pause in a sentence.
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origin from the centrum and processes of each vertebra. Each

myomere, therefore, corresponds in its position to a primitive ver-

tebra. For the purpose of description, the lateral muscle of each side

may be divided into five longitudinal parts, not in all cases perfectly-

separable, but still sufficiently so for the purpose.

The first, or most superior portion, is not represented anteriorly,

but commencing at the posterior ray of the dorsal fin, it runs back-

ward to the rays of the caudal fin. It is the muscle termed by

Owen the supracarinalis, and by Cuvier le muscle grele superieur.

It consists on either side of a thin band of muscular fibres, formed

by the union of slips arising by tendons from the spinous processes

as far forward as that of the second vertebra behind the last inter-

spinal of the dorsal fin. From their tendinous origins the fibres of

each slip run obliquely forwards, the upper fibres being horizontal and

continued over to the next myomere. This muscle belongs, as far as

its action is concerned, to the dorsal fin, since its function is to depress

that structure, but from its origin it is plainly comparable to the

series of myomeres of the lateral musculature.

The second portion is the largest, and is formed of that part of the

lateral muscle above the lateral line. Separated from its fellow

of the opposite side, posteriorly, by the supracaringles, it is in con-

tact with it anteriorly, and shows no division into myomeres.

Posteriorly, however, the segmentation is distinct, especially towards

the lower edge, the distinctness vanishing anteriorly more rapidly above

than below. The myocommata are bent abruptly so as' to form an

angle pointing backwards, and, accordingly, each myomere fits into

the succeeding one, a transverse section of the body cutting through

several. Anteriorly this portion is inserted into the supraoccipital

bone and spine, the exoccipital, epiotic and pterotic. Fibres also

pass to the upper surface of the plate formed by the transverse pro-

cesses of the 3rd and 4th vertebrae, and some of the more superior

ones are fastened to the under surface of the plate of the dorsal fin.

The third portion lies immediately below the lateral line ; it is

not perfectly separable from the second portion, and still less so from

the fourth. Its fibres anteriorly run between the transverse processes

and ribs, and the myocommata from these, and posteriorly between

the myocommata from the haemal arches. In consequence of this the

plane of the myomere is curved anteriorly, being horizontal in its upper

portion where it is attached to the transverse processes, and vertical
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below where it extends between the ribs. Toward the anterior

region, where the ribs become shorter and finally vanish, this portion

diminishes in breadth, the most anterior fibres being few in number

and inserted into the under surface of the transverse processes of the

2nd and 3rd vertebrae.

The fourth portion is broad anteriorly, diminishing rapidly

behind. Its fibres anteriorly extend between the lower extremi-

ties of the ribs and myocommata
;
posteriorly between the corres-

ponding portions of the myocommata of the tail. The myomeres

have a direction downwards and forwards, so that they are at an

angle with those of the third portion. Anteriorly and below the

portions of opposite sides are in contact, owing to the absence in that

region of the fifth portion, and form a broad, stout muscle, which

may be called the ' great ventral muscle.' The posterior fibres

run directly forwards, those arising from the anterior shorter ribs

downwards as well, so that there is formed between the anterior

fibres of the third portion and those of the fourth a triangular

space, the base of which is formed by the supraclavicle. Its floor

is formed by a dense membrane, immediately below which is the

swim-bladder. Anteriorly this portion is attached to the posterior

border of the clavicle and to the posterior portion of the lower sur-

face of the coracoid, so that, besides assisting portions two and three

in bending the body laterally, it acts as a retractor of the 'pectoral

arch. The median ventral portion is inserted by an aponeurosis into

the posterior cartilaginous arch of the pelvis, forming Owen's pro-

tractor ischii, the more external fibres bending slightly outwards and

inserting into the posterior angle of the pelvic bone.

The fifth portion corresponds to Owen's infracarinalis, and Cuvier's

muscle grele inferieur du tronc. It consists of two portions separated

by the anal fin. The anterior moiety extends from the posterior

cartilaginous arch of the pelvis to the base of the anterior ray of the

anal fin. This Owen calls the retractor ischii, from its function of

pulling the pelvis backwards after it has been drawn forwards by the

fourth portion ; in addition to this it has also the power, when the

pelvis is fixed, of separating the rays of the anal fin. The posterior

half extends between the posterior ray of the anal fin and the caudal

fin, and draws the rays of the former backwards, aiding in their

separation. These portions arise, similarly to the supracarinalis,

from the extremities of the hsemal arches.
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Innervation.—The fibres of each myomere are, of course, supplied

by the spinal nerve corresponding to it segmentally. The supra-

carinales are supplied by branches from the ramus lateralis trigemini.

The muscular mass immediately in front of the dorsal fin is supplied

by the dorsal branch of the fourth spinal, and the musculature

anterior to that is supplied by branches from the ram. lat. trig., with

which the rami dorsales ii. and Hi. completely unite. The infra-

carinales are supplied by branches arising from a plexus formed by

the union of the ventral branches of certain spinal nerves.

VII.—MUSCLES OF THE PECTORAL ARCH AND FIN.

Certain muscles belonging partly to this arch, but acting princi-

pally on others, have already been described, as, for instance, the

hyopectoralis, and the pharyngo-hyoidei externus and interims. The

muscles here to be considered are those which act principally on the

arch, and those which move the fin. Of the former, the ' great ventral

muscle,' which acts as a retractor, has already been described.

1. Trapezius.

This muscle arises from the posterior portion of the lower surface

•of the pterotic, a few fibres also coming from the supraclavicle. It

passes downwards, expanding as it goes, and is inserted into the base

of the ascending portion of the clavicle, the more anterior fibres

passing into the dense fascia which forms the posterior wall of the

branchial cavity.

1 1(.nervation.—Twigs from main branch of first spinal nerve.

Action.—It draws the pectoral arch upwards, and also makes

tense the fascia into which the anterior fibres are inserted.

In the forms described by Yetter this muscle does not apparently

occur, that named trapezius by him being merely the superficial

anterior portion of the dorsal trunk musculature, which extends

between the posterior surface of the skull and the post-temporal and

supra-clavicular bones The trapezius as here defined corresponds

rather with that of the Elasmobranchs. Stannius mentions its

occurrence in some Teleosts.

Owing to the modification of the anterior fin ray, whereby it can

be fixed, and only lowered after a certain amount of rotation, the

muscles which move it are different to a certain extent from those

24



332 PROCEEDINGS OF THE CANADIAN INSTITUTE.

of other fishes. Owen describes them in Perca as forming & pair,

in two layers, on both the outer and inner sides of the antibrachio-

carpal base : and the fibres of one layer run obliquely in a different

direction from those of the other layer in both pairs of muscles.

The outer pair abducts or protracts the fin, the inner pair adducts or

retracts it, sweeping it back into contact with the flank : the first

movement might be called ' extension,' the second, ' flexion.' The

muscles in Amiurus can be reduced to a similar plan.

2. Abductor superficialis (No. 14, Cuv.; Superjicicd abductor, Ow.)

Consists of two portions, both lying in the groove on the under

surface of the horizontal (inner) portion of the clavicle, and covered

by the ventral musculature of the trunk. They pass over the bridge

formed by the process of the coracoid, which articulates with the

anterior ridge of the clavicle, and are inserted into the inferior1 sur-

faces of the bases of the rays. The anterior portion (Fig. 5, AbS1

)

is the smaller, and is partly concealed by the posterior. It arises

from the outer portion of the anterior ridge of the clavicle, and is

inserted into the inferior process of the base of the first ray. The

posterior portion (AbS2
) arises from the posterior ridge and floor of

the groove, and is inserted by as many tendons into the bases of the

rays, except the first.

Innervation.—Supplied by a nerve arising from a branch which is

composed of fibres from the external branch of first spinal, and from

a branch from the united second and third spinal.

Action.—Abduct the fin. When the deep abductors are acting,

they will also separate the rays.

3. Abductor profundus (No. 15, Cuv.; Deep abductor, Ow.)

This is also divided into two portions, both of which, however,

are inserted into the base of the first ray. The first (Figs. 5 and 6,

AbP1

) lies below (i.e. dorsal to) the abductor sup., and arises from

the posterior surface of the anterior ridge of the clavicle and from

the floor of the groove. It passes below the bridge formed by the

coracoid, and is inserted with the second portion into the base of the

semi-circular process of the first ray. The second portion (Figs. 5

and 6, AbP4
) arises from the upper (dorsal) surface of the coracoid

iThe terms 'inferior' and ' superior,' etc., are applied to the paTts as they are when the

fin is abducted, i. e., extended at right angles to the body.
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plate, and from the under sui'face of the portion of the clavicle over-

lapping this. It passes below this overlapping portion of the clavicle,

in the channel between it and the coracoid, and uniting with the

first portion, is inserted with it.

Innervation.—The same as for the abd. super/.

Action.—This muscle abducts the first ray, and thus assists in

abducting the entire fin, but at the same time it gives to the first

ray the rotation which is necessary to complete its abduction and

fixation. This rotation is brought about by the muscle being in-

serted into the upper surface of the ray.

The position of the second portion of this muscle appears some-

what anomalous, inasmuch as it is apparently in the upper surface of

the arch, the abd. super/., and even the other portion of the abd.

prof., lying in its lower surface. An examination of the structure

of the arch explains the anomaly. The posterior portion of the arch

which unites with its fellow by suture is not the posterior portion of

the clavicle as it has been usually described, but is an enlargement

of the coracoid. Now this latter lies really on the inferior surface

of the arch, and therefore the upper surface of this enlargement is

applied to the under surface of the clavicle, and accordingly a muscle

lying upon its upper surface may yet lie on the under surface of the

clavicle. Though the two portions of the deep abductor are widely

separated at their origins, yet their union before insertion indicates

that they originally constituted one muscle, homologous with the

deep abductor of Perca.

4. Adductor superficial^.

Arises from the inner surface of the ascending portion of the

clavicle and from the bridge-like spiculum of bone near its base ; the

deeper fibres arising from the radialia. It is inserted into the

superior surfaces of the bases of all the rays, except the first, dividing

into a separate tendon for each ray.

Innervation.—It is supplied by a branch from the combined second

and third spinal nerves.

Action.—Adducts the fin. When the fin is abducted the rhythini»

cal and successive action and relaxation of the superficial abductors

and adductor will produce an undulatory movement of the fin.
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5. Adductor Profundus, (No. 16, Cuv.)

This muscle (Fig. 5, AdP) lies below the ventral musculature. It

arises from the posterior portion of the lower surface of the coracoid,

extending inwards as far as the middle line. It passes below the

thin bridge-like spiculum of bone on clavicle, and is inserted into the

groove at the base of the semi-circular process at the base of the first

ray.

Innervation.—Same nerve that supplied abductors.

Action.—It draws the ray, and with it the entire fin, towards the

body. When the fin is abducted it acts obliquely on its point of in-

sertion, and accordingly gives the rotation necessary to release the

ray from its fixation.

VIII.—MUSCLES OF THE PELVIS AND PELVIC FIN.

The muscles which act on the pelvis have already been described in

•connection with the trunk musculature. The posterior fibres of the

great ventral muscle and the portions of the infracarinales act as pro-

tractors and retractors of the pelvis.

The muscles which arise from the pelvis are those which move the

fin. These are arranged in two layers on the ventral and dorsal sur-

faces of the pelvis, those of one side being separated from those of

the other by a fibrous septum formed by a continuation backwards

of the fascia which separates the two halves of the great ventral mus-

culature. The ventral muscles act as abductors, the dorsal as ad-

ductors.

1. Abductor Superficial^ Pelvis, (Pig. 7, AdS).

Arises from the thickened outer edge of the pelvis, and posteriorly

from the aponeurosis formed by the median fibres of the ventral

muscle (VA) and the septum between the muscles of opposite sides.

The outer fibres run almost directly backwards, the inner almost

directly outwards, the former being inserted into the base of the outer

ray, and the latter into that of the inner one, while the intermediate

fibres pass to the intermediate rays dividing imperfectly into separate

tendons.

Action.—Abducts (i.e., pulls downwards) the fin, and also separates

the rays.
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2. Adductor Profundus Pelvis.

This is seen on removing the preceding. It arises from the surface

of the pelvis and from the septum, and is inserted below the preced-

ing into the bases of the rays.

Action.—Assists the preceding in abduction but does not separate

the rays.

3. Abductor Superficialis Pelvis.

On cutting through the insertions of the ventral trunk muscles and

bending back or removing the pelvis, the dorsal muscles are exposed.

The superficial muscle does not cover the deep one as in the case of

its ventral equivalent, but is of a triangular shape, expanding as it

passes backwards and inwards to its insertion. It arises from the

thickened outer edge of the pelvis ; its outer fibres pass directly back-

wards, the inner ones backwards and inwards. It divides imper-

fectly into a number of tendons, one being inserted into the upper

surface of the base of each ray.

Action.—Adducts the fin. The outer fibres also help to separate

the rays.

4. Adductor Profundus Pelvis.

Lies to the inner side of the preceding. It arises from the dorsal

surface of the pelvis and from the septum. Its outer fibres are stout

and quickly become tendinous, passing under the superficial muscle,

the inner ones being longer. It is inserted into the bases of the rays

below the add. superf.

Action.—Aids the superficial muscle and also tends to approxi-

mate the rays.

Innervation.—The musculature of the pelvic fin is supplied by

branches arising from a plexus formed by the union of the rami vent,

spinales, x., xi., xii., xiii., and xiv. A plexus is first formed for the

supply of the ventral portion of the musculature, but other branches

; e detached which form a similar plexus for the supply of the dorsal

\3cles.

The arrangement of this portion of the musculature of Amiurus

corresponds very closely with that described by Cuvier, Stannius,

&,c, the only marked difference being the limitation in size of the

add. super/., which in Perca seems to cover more perfectly the add.
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prof. Davidoff l in his valuable papers on the pelvis and pelvic mus-

culature of fishes, treats the Teleostei very summarily, merely stating

that the differences in musculature and innervation between the

Teleosts and Lepidosteus, or, more especially Amia, are quite unim-

portant. In comparing Amiurus with his descriptions of either of

the two forms mentioned, although the ground-plan is much the same

yet the details are much simpler, it being impossible in Amiurus to

distinguish, for instance, in the ventral musculature a pars 7iiedia, or

in the abd. prof, a caput longum from a caput breve. The names em-

ployed above for these muscles indicate their equivalency with those

of the pectoral arch.

IX.—MUSCLES OF THE DORSAL FIN.

Owing to the modifications of the anterior rays of the dorsal fin in

Amiurus, their muscles are also modified. Those of the Jive posterior

rays have a typical arrangement. The extrinsic muscles are two in

number, namely, the anterior superior fibres of the upper portion of

the lateral musculature, which pass from the supreoccipital to the

anterior portion of the plate which supports the defensive ray, and

will have little or no action in moving the fin, and the supracarinales

which will depress the rays.

Of the intrinsic muscles there are two to each ray, an erector and

a depressor. The typical arrangement of these may be seen in the

posterior five rays. In these each erector lies anterior to the depres-

sor, and arises from the posterior border of the interspinal of the pre-

ceding ray. The depressors arise from the anterior border of the in-

terspinal of the ray to which each belongs, and from the spinous pro-

cess of the vertebra which supports that ray ; each crosses its

interspinal obliquely above so as to lie behind it. The erector is

inserted into the anterior and the depressor into the posterior surface

of the base of each ray.

Of the muscles of the next anterior ray, i.e., the fourth* the di

pr'essor is normal in its relations, arising from the anterior surfa/ ~tt-e

the fourth interspinal and the extremity of the spinous process ^ty/

sixth vertebra, and, crossing over the interspinal, is inserted iuv&A

1 Davidoff—Beitr. zur vergl. Anat. der hinteren Gliedmasse der Fische, ii. Th. Morph. Jahrb.

vi , 1880.

2 This will be the third apparent ray, the first having lost all its ray-like appearance. See

paper on Osteology.
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base of the posterior surface of the ray. The erector loses however its

proper origin, arising instead from posterior edge of the horizontal

plate on which the defensive (3rd) ray rests.

The erector of the defensive or third ray lies in the interval be-

tween the second and third interspinalia. It arises from the pos-

terior edge of the first interspinal, the anterior edge of the second,

and from the posterior portion of the expanded process of the fourth

vertebra. It passes upwards and is inserted into the anterior surface

of the base of the ray. The depressor has also its origin much in-

creased. It arises from the sides of the third interspinal, from the

anterior surface of the fourth, and from the spinous process of the

fifth vertebra, and is inserted into the base of the anterior surface of

the ray.

The horse-shoe-shaped or second ray has also an erector and de-

pressor. The erector is small, and consists of a few fibres, which run

obliquely backwards from their origin from the under surface of the

anterior portion of the horizontal plate, and which, passing through

the foramen in this plate in company with the depressor, are inserted

into the anterior surface of the extremity of one of the limbs of the

ray. The depressor is a much stouter muscle, arising from the base

and posterior surface of the anteriorly directed osseous process of the

fourth vertebra, which includes the spinous process of the third. It

passes upwards and backwards through the foramen in the anterior

portion of the horizontal plate behind the erector, and is inserted

into the extremity of the limb of the ray.

The muscles of the first ray are aborted.

Innervation.—Supplied by branches from the ramus lateralis

trigemini with which the R. dors, spinal, unite.

Action.—The action of the muscles of the posterior rays are suffi-

ciently expressed by their names. With regard to those of the

second ray there is something to be said, since it is by these that the

fixation of the third ray is produced, and its depression permitted.

The depressor draws the horse-shoe-shaped ray downwards, so that it

slips over the smooth extremity of the interspinal, and its limbs

come into apposition with the flanges on the sides of the fourth

spinous process which encloses its interspinal. The third or defen-

sive ray is attached to the extremity of the second by ligament, so

that its depression will now be impossible. In other words, it is the

fixation of the second ray which causes the fixation of the third.
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Depression of the defensive ray is, of course, produced by its own

depressor ; but it is permitted by the action of the erector of the

second, which draws its ray upwards, setting it astride of its spinal

process, and releasing its limbs from their apposition with the fourth

spinous process, and so allowing of its depression. It is to be noticed

that the erection of the third and succeeding rays is accompanied or

succeeded by the contraction of the depressor of the second and

similarly their depression with the action of the second erector.

The abnormal relations of these muscles can be explained by the

modifications of the parts. Those of the anterior ray, which is

almost unrecognizable and firmly fixed, are aborted. The interspinal

of the first ray having lost its original relations and become bent

upwards from its attachment to the spinous process of the third

vertebra until it lies longitudinally, its muscles have lost their attach-

ment to it, and so the erector of the second which ought to arise from

its posterior surface has transferred its attachment to the more solid

horizontal plate. The second depressor ought to arise from the

anterior surface of the second interspinal, but the membrane bone

which develops round the fourth vertebra, growing in as it were

between the muscle and the interspinal, separates them, and the

muscle passes farther forwards on the plate until it reaches the base

of the anterior ascending process, thereby acquiring greater obliquity

of action. The erectors and depressors of the third ray have in part

their normal relations, but owing to the weight and ossification of

the ray they have to move, have become enlarged, and extended their

origin beyond the typical limits. The erector of the fourth ray has

been crowded out from its original insertion by the aggression of the

third depressor, and has become inserted into the horizontal plate

where its action is more forcible.

X.—MUSCLES OF THE ANAL FIN.

The infracarinales act to a certain extent upon the rays of the

anal fin. The portion named by Owen the ' retractor ischii,' is

inserted posteriorly into the base of the anterior ray, the posterior

portion is inserted into the base of the posterior ray. Thus, when

these act simultaneously, or even when one acts and the other remains^

fixed, the rays will be divaricated.
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Erectors and Depressors.

These are on the same plan as the muscles of the posterior rays of

the dorsal fin. The erectors arise from the interspinals supporting

the preceding ray and the hsemal process (or fascia connecting the

haemal arches) of the corresponding vertebra. The depressors arise

from the interspinals supporting the rays to which they belong.

These muscles are concealed by the lateral trunk muscles, which

require to be pulled aside to expose them.

Innervation.—Supplied by branches from a longitudinal collecting

stem which form a plexus into which the ventral branches of spinal

nerves xix.-xxx. enter.

Lateral muscles.

These are not represented in the dorsal fin. They consist of a

number of small muscles, one on each side for each ray, arising from

the fascia covering the outer surface of the lateral musculature, and

which, passing downwards and towards the median line, are inserted

into the lateral surfaces of the bases of the rays ventral to the inser-

tion of the erectors and depressors.

Innervation.—Supplied by a superficial plexus similar to that

which innervates the preceding muscles, and coming from the same

spinal nerves.

Action.—By the successive contractions of the muscles of one side

from before backwards, a corresponding relaxation of the opposing

muscle occurring at the same time, the sinuous motion characteristic

of the anal fin is produced.

XI.—MUSCLES OF THE CAUDAL FIN.

The muscles of the caudal fin are formed principally of the pos-

terior portions of the lateral muscles of the trunk. From the inter-

muscular septa of the last few myomeres a fascia (Fig. 8, f) is given

off, which is fastened posteriorly to the bases of the fin-rays. On
contraction of the myomeres, this fascia acts on the rays and draws

them either to one side or the other, as the case may be. The upper-

most and lowermost portions of the myocomma forming the posterior

boundary of the last myomere are prolonged into separate tendons

(Fig. 8, My 1 and My2
) inserted into the abaxial1 surface of the outer-

1 The terms abaxial and axial, refer to the surfaces of the rays looking respectively away
from or towards the axis of the body.
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most two oi' three rays above and below, and thus act as divaricators

of the rays.

A deep layer of muscle may be seen on cutting through the attach-

ment of the fascia and reflecting the superficial muscles. It consists

of two portions separated by the vertebral column. Owing to the

direction taken by the terminal filament of the notochord, the two

portions are unsymmetrical, that below the column being greater

than that above. The dorsal portion (Fig. 9, d) consists of a single

muscle arising from the spinous processes of the last two or three

vertebrae, and passes almost directly backwards. Three or four

tendons begin near the origin of the muscle, and are inserted into

the bases of the upper three or four rays.

The ventral 'portion is divisible into two parts. The upper ( Fig.

9, v1

) is a triangular muscle, imperfectly separable into two parts

lying dorsal to the middle line. It arises by an expanded origin

from the broad surface of the fourth haemal arch below the noto-

chordal filament
;
passing upwards and backwards it crosses the

dorsal poition before its insertion, and dividing into two long tendons

is inserted into the axial surfaces of the two upper fin rays. It

pulls them downwards towards the middle line as well as laterally,

and thus acts as an opponent of the uppermost tendons of the super-

ficial layer, and aids the intrinsic muscles. The lower part forms a

broadly triangular muscular mass (Fig. 9, v2
), the base resting on the

fin rays. It arises from the ' flossentrager ' and the bodies and haemal

pi^ocesses of the last two or three vertebra?, the very lowest portions

arising from the extremities of the haemal processes of the fourth and

fifth vertebrae (counting from behind) not reaching up to the centra.

Numerous tendons run along the muscle, as a rule one for each ray,

into the bases of which they are inserted. The lowermost portiors

are inserted into the rays imbedded in the adipose tissue, which are

not functionally parts of the fin. This part of the muscle aids the

superficial musculature, the lower fibres serving to approximate the

rays.

The intrinsic muscles (Fig. 8, It), lie immediately below the integu-

ment posteriorly to the attachment of the fascia. One muscle is sup-

plied to each ray of the fin proper, none being inserted into the fins

in the adipose tissue. Each arises from the abaxial surface of a ray,

and is inserted into the axial surface of the next external
K
i.e., dorsal

or ventral, as the case may be,) to it. Certain of the fibres of each
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muscle do not arise from the succeeding axial ray but may be traced

across it and several others to the fascia near the axial line, so that,

viewed as a whole, their arrangement resembles that of a fan. The

central muscles above and below lie entirely on the axial surface of

the ray to which they are attached, and, since there is no median

impaired ray, their fibres arise from the fascia between them and

partly also from the fascia of the superficial muscle. These intrinsic

muscles approximate the rays, being aided by the upper and lower

portions of the deep musculature and opposing the upper and lower

portions of the superficial muscles.

Innervation.—The intrinsic muscles are supplied from a plexus

formed by ventral branches of spinal nerves xxxiii.-xli. The

muscles above the spinal cord are supplied by branches from R. lat.

trigem., and from the small posterior R. dorsales spinales.

On comparing the myological characters of the head of a Teleost

with those of a Selachian, the first point that strikes one is the ab-

sence in the former of the well-marked constrictors found superfici-

ally in the latter ; in other words, the direction of the muscle fibres

in the Teleosts appears to be more longitudinal than in the Selach-

ians, and therefore the myomeres more similar to those of the trunk.

It has been shown by Balfour and Gcette that the musculature of the

head develops in exactly the same manner as that of the trunk, i.e.,

from the primitive vertebrae, and is, therefore, segmental in its ori-

gin, a myomere lying between the arches of each pair of vertebrae of

which the head is composed. In Amphioxus there is no differentia-

tion of the myomeres, the musculature from the tail to the head con-

sisting of a series of similar myomeres separated by similar myocom-

mata1

, and therefore represents more closely the original type than

does the arrangement in either the Selachians or the Teleosts. Ac-

cordingly, the Teleosts would at first seem to present a more primi-

tive type than do the Selachians, but a closer investigation shows

this to be a mistake.

When one takes into consideration the presence of an osseous, and

therefore niore or less immovable, cranial skeleton in the Teleosts,

the absence of the constrictors is easily understood. But even then

one would suppose that in the more movable parts the constrictors

1 The ventral musculature of Amphioxus would interfere with this generalization were it not

'that it must be considered as belonging to a different category from the trunk musculature.
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would persist to a greater or less extent. And so indeed they have

done. In the Teleosts there are as representatives of the constrictors,

the intermandibularis, the add. and lev. arc. pal., lev. and add. opere.,

the transversi dorsales and ventrales of the branchial arches, the

interarcuales veutrales, etc. In these muscles the course of the fibres

is parallel to a plane at right angles to the axis of the body, and

they act more or less as constrictors of the parts to which they are

attached. The greater mass of the constrictors of the Selachians is

in relation to the branchial cavity. Where the parts about the

pharynx are comparatively elastic, constrictor muscles will be, of

course, of great use in diminishing that cavity, and so forcing the

water out through the gills ; but when, on the other hand, the parts

become less movable through ossification, other arrangements for the

propulsion of the water appear. Membrane bones are developed to

act as valves and pi-otections to the gills, a portion of the constrictor

musculature persisting, attached to them, and the lessening of the

size of the pharyngeal cavity is produced by the elevation of certain

parts in the floor of the mouth, and only slightly by the approxima-

tion of the walls by constrictors. These latter, therefore, become

limited to certain parts, instead of forming a more or less unbroken

sheet over the branchial region.

Bearing in mind the fact that in the head there were originally a

number of myomeres, as represented by the head-cavities, which

have been specialized into a number of distinct muscles ; and that

to a very large extent the muscle fibres have lost their original

direction, it is possible by means of the innervation to refer to their

respective myomeres the various muscles.

The Cranial Muscles.—Leaving out of consideration the muscles

of the eyeball, which belong to a myomere or myomeres in front of

the mouth, the first muscle segment to be considered will be that

supplied by the fifth nerve. Belonging to this there is, in the first

place, the add. mand., the fibres of which have, to a large extent, a

longitudinal direction, and which extends between the mandibular

and hyoid arches. Reasoning from analogy one would have ex-

pected to find this muscle and those belonging to the same myomere

extending between the first prseoral and the mandibular arches, but

we find them in reality lying superficially to certain muscles sup-

plied by the facial nerve. The development of the first prseoral (or

palatine) arch being in comparison with the succeeding ones so
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limited, may explain the want of relation of the myomere to it, but

still one would expect to find the muscles iu relation to parts situ-

ated near it, i.e., in front of the orbit. In the Selachians this is the

case ; the origin of the add. mand. is in these forms entirely in front

of the eye, and its action is essentially that of a constrictor. It seems

that there has been first of all a gradual passage backwards of the

origin of the add. mand., (and also of the other trigeminal muscles),

until in the Teleosts it has come to lie entirely behind the orbit, and

that secondarily, thei-e has been a downward growth of the muscle,

so that the fibres have extended on to the hyomandibular, &c, the

lowermost assuming a horizontal direction. The relations of the ori-

gin of the add. mand. in the Cyprinoids, Perca and Esox, are in sup-

port of this supposition. Vetter has pointed out that the add. mand.

of the Cyprinoids is very much specialized, that of Perca slightly less

so, and that of Esox, to which Amiurus is most comparable in this

matter, more primitive than either ; and we find that in Esox, the

most primitive form, the muscle arises in part from the cranial bones,

(viz., the pterotic and sphenotic), whereas in the others the origin has

passed lower down.

Why there should have been this passage backwards of the muscle

to behind the orbit, it is rather difficult to say. Perhaps an explana-

tion may be found in the fact that the muscle acts in the Teleosts

more or less as a retractor of the mouth parts, justifying in this

respect Owen's designation of it as the retractor oris. If an upward

movement of the mandible were all that was required, the arrange-

ment which obtains in the Elasmobranchs would certainly be most

effective, whereas, if retraction were also required, such a backward

progression would be necessary.

It may also be pointed out that since the muscle lies entirely

behind the eyeball, the size of that structure will necessarily assist

in determining the extent of the limitation of the origin to the

hyoid arch. In Amiurus where the eye is so very small, the origin

persists much further forward than in any of the other forms

examined, in all of which the eyeball is comparatively large.

The adductor mandibular of the Teleosts has been derived from a

constrictor muscle ; its relations to the hyoid arch have been produced

by a necessity for its action as ajretractor oris ; and the extent of its

departure from its original position is partly determined, by the size

of the eyeball.
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The nature of tlie add. tentaculi has already been considered, it

being merely a separation of the deeper fibres of the add. mand.

The lev. arc. pal. is plainly derived from a constrictor, but its

function has been changed by the development of osseous structures,

so that instead of assisting in the contraction of the pharyngeal

cavity, it enlarges it by raising the hyomandibular apparatus, etc.

The reason why a trigeminal muscle should act as the opponent of

muscles supplied by the seventh nerve, is that the forward growth

superficially of the hyoidean muscles was prevented by the presence

in primitive forms of the spiracle. The dil. operc. is evidently a

portion of the lev. arc. pal. adapted to the necessities of the opercular

apparatus. The incongruity between its action and its innervation

is even more apparent than in the lev. arc. pal.^ but is explicable in

the same way as Vetter has pointed out.

The intermandibularis is without doubt the representative of the

most anterior ventral portions of the Selachian constrictor. It is

supplied by both the fifth and the seventh nerve, and instead, there-

fore, of being assigned to the group of muscles supplied by the fifth

nerve, as Vetter has done, it must be considered as representing the

ventral portion of a constrictor layer lying between the palatine and

mandibular and the mandibular and hyoidean arches. The anterior

moiety of such a layer would be supplied by the fifth, and the pos-

terior by the seventh nerve. In the Teleosts this layer has con-

tracted in breadth very much, until it forms merely a narrow band

between the extremities of the mandibular arch, but, with the grad-

ual narrowing, there has been, so to speak, a corresponding lengthen-

ing out of the innervating branch from the facialis and a shortening

of that from the trigeminus, so that even when limited to the mandi-

bular arch it still possesses its hyoidean nerve.

Just as all the muscles of the mandibular arch (i.e., those supplied

by the fifth nerve), are derived from a constrictor, so are all those of

the hyoid arch, (i.e., those supplied by the seventh nerve.) The add.

arc. pal. has apparently an abnormal position, extending between the

skull and the palatine, metapterygoid and hyomandibular, thus com-

ma- into relation not only with the arches to which it belongs but also

with the arch in front of it. The only explanation to be given for

this is that the muscle has extended its insertion forwards as neces-

sity required it. In Amiurus, owing to the necessity for motion of

the palatine for the purpose of erecting (abducting) the tentacle sup-
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porting maxilla, the muscle has extended farther forwards than in

any other Teleosts hitherto described. The muscles are very mobile

structures, modification being in them more frequent and more com-

plete than in the nerves, ifcc.

The add. hyomand., add. operc. and lev. operc, are all very closely

related, not only in position but also in innervation. They belonged

originally to the same constrictor layer from which the add. arc. pah

developed, constituting the posterior part of it. The lev. operc. is a

specialization of the superficial fibres of the most posterior portion

—

that portion from which'also the add. operc. originated. These three

muscles and the add. arc. pal. are comparable to the dorsal portion

of the constrictor of the Elasmobranchs ; the geniohyoid'eus, hyohyoi-

deus and portion of the intermand. being comparable to its ventral

portion.

The Branchial Muscles.—The muscles supplied by the glossophary-

ngeal and vagus are small in bulk when compared with those already

discussed. In the Teleosts the muscles chiefly concerned in the re-

spiratory act are not those belonging strictly to the branchial but

those of the mandibular and hyoid arches. It is by means of these

that the cavity of the mouth is increased, and thus an inflow of water

produced, and it is by them also that the water is forced out below

the opercular apparatus, passing in its way over the branchial fila-

ments. Accordingly, we find the branchial muscles somewhat retro-

graded in bulk from the condition seen in the Elasmobranchs, and
this retrogression has been accompanied by a corresponding increase

in size and strength of the hyoidean and mandibular muscles.

I regret exceedingly that I cannot give details in regard to the

innervation of many of the muscles, but, nevertheless, there are

certain points which may be indicated. Most of the muscles of the

branchial arches may also be reduced to the constrictor type, however

much they may be modified. In the first place the lev. branch, are

evidently the superior portions of the constrictor musculature, as are

also the mm. trans, dors, and interarc. obi. dors. The latter have

been slightly diverted from their constrictor direction, but as their

name implies are still somewhat oblique. The lateral portion of the

original constrictor has entirely aborted in Amiurus, though in certain

forms, as Esox, muscles are found at the angles of the arches, i.e.,

where the upper limbs join the lower. No such muscles could,,

however, be detected in Amiurus.
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The ventral muscles partly represent the ventral portions of the

constrictors. Certain of them retain their original transverse direc-

tion as the transv. vent, and the obliqui vent. The hyobranchiales*

however, I feel disposed to consider as comparable to the ventral

musculature of the trunk, in which case they must be considered as

retaining for the greater part their original direction, the lateral

portions merging into the constrictor type. A reason for this sup-

position is the explanation it affords for the dissimilarities between

these muscles in various forms, and for the very evident relation

which exists between the obliqui vent, and the slips from the

hyobranch. As these points have already been treated of in connec-

tion with the description of the latter muscles, it will not be neces-

sary to repeat them here.

The absence of any similar longitudinal muscles in the preceding

arches points to the opposite view, but owing to the great changes

which these have undergone, they may have disappeared by a con-

tinuation of the process by which the intermandib. has become so

much reduced. There is a possibility that the geniohyoid may repre-

sent this ventral musculature, but I am i-ather inclined to refer it to

the constrictor series.

With regard to the musculature of the head it may be concluded

that, in the theoretical ancestral type of the Teleostei, it consisted of

two portions, a dorsal greater one, constrictor in its nature, and a

ventral smaller one, the fibres of which retained their original longi-

tudinal direction.

The Trunk Muscles.—The hyopectoralis by its innervation belongs

to the first, or rather to the first and second spinal segments, and is

referable to the longitudinal ventral portion of those segments. This

being the case its attachment to the hyoid is rather peculiar. One

would expect the musculature of the first spinal segment to be

attached anteriorly to the posterior surface of the last arch or

myocomma of the cranium. Between the hyoid and the first spinal

segment there are five arches, to the most posterior of which one

would expect to find the hyopectoralis attached, or if it were con-

tinued further forward one would expect to find its anterior portions

supplied by branches from the trunc. branch, vagi. This does not

seem to be the case here, nor does Yetter describe any such arrange-

ment in the forms he investigated. Probably along with the

increased development of the hyoid apparatus, and the greater or
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less retrogression of the branchial apparatus, there has been, pari

passu, an extension forwards of the hyopectoralis. The hyoid

apparatus virtually covers in the bi-anchial arches, and the muscle

losing its attachment to the fifth branchial arch has extended for-

wards and become attached to extremity of the hyoid, thus retaining,

of course, its original innervation.

The pharyngo-claviculares give a certain support to this idea. The

phar.-clav. int. appears to be composed of the most external fibres of

the ventral musculature of the first or first and second spinal seg-

ments. The innervation in Amiurus would assign it to the first seg-

ment only, but Vetter has described its innervation as being from

the first and second spinal nerves. In this case, then, we have a

muscle whose fibres run in the same direction as those of the hyopec-

toralis, whose origin is the same, and whose innervation is the same,

an J which retains the insertion which one would assign to such a

muscle on theoretical grounds, and therefore indicates that a change

such as has been described above has taken place in the hyopectoralis.

The pharyngo-clavicularis ext. comes from fibres slightly external

to the interims. Its innervation in Amiurus refers it to the first

spinal segment. Vetter, however, states its innervation to be from

the vagus. Theoretically one would cer-tainly expect the innerva-

tion described for Amiurus, or even that described for the phar.-clav.

int. by Vetter. I am inclined to believe that the innervation given

by Vetter for the externus is a mistake, since in all its relations the

muscle belongs to the spinal segments.

The musculature of the trunk is divisible into a dorsal portion,

which is not however constrictor, and a ventral, of which the hyopec-

toralis is the anterior portion and the hyobranchialis the anterior con

tinuation. The segmentation of the dorsal portion is very complete,

and the innervation of the segments by their proper spinal nerves is

throughout typical. The organs of locomotion have in certain places

brought about certain departures from the general regularity. The

fins, paired and unpaired, will be spoken of later. Just now atten-

tion is directed to the supra- and infracarinales. Concerning these

the points to be noted are the almost complete absence of any signs

of segmentation on the surface, while below it is very evident ; and,

secondly, the innervation. In both cases the innervation is practi-

cally a plexus. In the infracarinales, branches from the ventral

stems of certain spinal nerves unite to form a plexus by which the

muscle is supplied, and in the supracarinales the R. lat. trigem. acts

25
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as a collector for branches from the dorsal stems. The action of both

muscles is on the fins, and the plexus is probably necessary to give

the various parts of the muscle simultaneous contraction and so pro-

duce effective action on the dorsal, anal, or ventral fins.

The Pectoral Fin Muscles.—In the Teleosts the muscles of the

pectoral fin have been described as consisting of two layers, an

abductor and an adductor layer, each being again separated into a

superficial and deep layer. At first sight the arrangement in

Amiurus appears to depart somewhat widely from this type, but fur-

ther investigation shows that the departure from it is merely appar-

ent, the true relations of the muscles being obscured by the excessive

development of the coracoid, whereby one portion of the abductor

profundus appears to lie on a different surface of the arch from the

other portion. The explanation of this has already been given in

connection with the description of the muscle. With regard to the

innervation of these muscles it is found that, as in higher animab,

there is a well marked plexus, consisting of the first three spinal

nerves. Following out the line of argument hitherto adopted, what

conclusion is reached 1 Simply that the pectoral fin, or at any rate

its musculature, is derived from three myomeres. It does not appear

that this conclusion can be escaped. Dohrn, on embryological

grounds, comes to the same conclusion, 1
i.e., that the pectoral is

formed by the accrescence of several segments. This is, of course,

in direct opposition to the Gegenbaurian theory, which seems now to

have received its quietus, having been founded on the structure of

the fin in an exceptionally modified form, and not representing in the

least the original features.

Another fact may be here pointed out. The muscles of the fin all

lie on the external, inferior or posterior surface of the pectoral arch.

This would tend to indicate that the arch, or a part of it, is of the

nature of a rib, or is formed by the union of several rib-like struc-

tures. The manner in which certain muscles are inserted into it,

and others take their origin from it, supports this theory. Perhaps,

with Gegenbaur, one can after all, though in a different sense, refer

the pectoral girdle to the type of a branchial or similar arch, consid-

ering the arches of the other segments of which the fin is composed

either to have united with this one or to have entirely aborted.

The Pelvic Fin Muscles.—Similar remarks apply to the pelvic fin.

1 Dohrn.—Mitth aus d. Zool. Station zu Neaple, Vol V., 1S84.
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A greater number of segments (5) appear, however, to enter into its

composition. It may be pointed out that the direction of the fin is

not exactly similar to that of the pectoral fin, which is more normal

in this regard. One may suppose, however, that the absence of a

true pelvic arch has something to do with this. If one imagines a

partially aborted pectoral arch in the normal position, with the me-

tapterygials, etc., directed somewhat backwards, one would have an

intermediate stage between what obtains in the pectoral and pelvic

fins of the Teleosts.

The Dorsal Fin Muscles.—The innervation of the erectores and

depressores of the dorsal fin is similar to that for the supracarinales,

i.e., the rain. lal. trigem. acts as a collector for the dorsal branches of

the spinal nerves, and gives off branches to the muscles. It would

seem, from the relations of these muscles, and also from their inner-

vation, that they are serially homologous with the supracarinales.

Dohrn's views1 on the subject of the impaired fins receives confirma-

tion from the paired nature of the muscles, and still more from the

fact that a blood-vessel passes horizontally along through the base of

each ray, the ray splitting readily upwards from this channel, point-

ing to a coalescence of two parts, one on either side of the middle

line, in the formation of the fin.

The Anal Fin Muscles.—With regard to the erectores and depres-

sores of this fin, the remarks made on those of the fin just described

apply equally well. They are really serially homologous with the

infracarinales. The lateral muscles of the anal fin are, however, of

an entirely different nature. Their innervation is from a superficial

plexus similar to that supplying the erectores and depressores. The

muscles lie completely outside the fascia covering the lateral muscles

of the trunk, and the plexus which supplies them is peculiar in being

in a similar manner superficial and formed from a plexus. The pro-

bability is that the muscles are dermal in their nature, and that the

plexus is a secondary one, produced from the deeper plexus already

present as the muscles gradually developed from the dermal tissue.

The Caudal Fin Muscles.—These are nearly all modified portions

of the lateral musculature of the trunk. The intrinsic muscles are

not, however, but must probably be referred to the class of dermal

muscles. The innervation of the dorsal portions of the fin and of the

anterior continuation of that dorsal portion is interesting in showing

the relations of these parts to the dorsal and adipose fins.

1 Dohrii.—Loo. cit.
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The various systems of muscles have now been considered, and it

merely remains to give tables indicating the general relations of the

various systems to each other and referring the various muscles to-

their proper segments. The muscles or their representatives belong-

ing to pre-mandibular arches, I will not include in the table, as they

have not been considered in the preceding pages. The first table

indicates the relations of the cranial muscles, the second those of the

muscles of the trunk, including under that term all the body posterior

to the head.

MUSCLES OF THE HEAD.

Nerves. Dorsal Constrictor Muscles. Ventral Longitudinal Muscles.

V.
( Adductor mandibulae. Add. tentaculi, )

t Levator arcus palatini, Dilatator operculi. f
Wanting.

V. & VII. Intermandibularis.

VII.
( Adductor arcus palatini, Add. hyomandib., \

I Add. operculi, Levator operculi, V

( Geniohyoideus, Hyohyoideus, ;

Wanting.

IX. & X.

(Levatores branchiales, Musculi transversa

•{ dorsales, Interarcuales obliqui dorsales, >

( Transversi ventrales, Obliqui ventrales. )

Hyobranchialis.

MUSCLES OF THE TRUNK.

Nerves. Dorsal Portion.
Lateral Portion,

(Upper & Lower Division).
Ventral Portion

1-3 Wanting. <

Trapezius (.')

Muscles of the pectoral fin.

Lateral musculature,
(anterior part).

Hyopectoralis.
Pharyngo-claviculares^
Ventral musculature,

(anterior part).

3-30
( Muscles of the dorsal fin.

< Supracarinales,

( (anterior portion).

(
Muscles of Pelvic fin. 1

Lateral musculature, {

(median part). 1

Ventral musculature,
(posterior part).

Infracarinales,
(anterior part).

Muscles of Anal fin (except
the lateral muscles.

30-End

r Supracarinales,
\ (posterior portion).

i Dorsal muscles of

V Caudal fin.

Lateral musculature,
(posterior portion).

Greater portion of muscles
of Caudal fin.

Infracarinales,

(posterior portion).

Lower muscles of Caudal
fin.

Dermal Muscles.

Lateral muscles of Anal fin, and the intrinsic muscles of Caudal.
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As regards the trapezius, I cannot state positively whether it

should come in the first or second column of the table, and with

regard to how far the muscles on the dorsal region immediately

behind the skull correspond to the supracarinales and muscles of the

dorsal fin, I am equally uncertain. It is probable that the muscles

corresponding to these portions have, in the anterior spinal region,

completely disappeared, in consequence of the specialization of the

anterior vertebrae. The fact that the erector of the second spine of

the dorsal fin is attached to the base of the fourth spinous process,

and this on its part is united with the posterior wall of the skull

closing in above the other vertebrae, seems to favour this view.

Gcelph, June 3rd, 188-L
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ON THE

NERVOUS SYSTEM AND SENSE ORGANS
OF AMIURUS.

BY PROF. R. RAMSAY WRIGHT, TORONTO.

[Bead before the Canadian Institute, January the 12th, 1SSU. ]

In the course of the investigations, the results of which are de-

tailed in the following pages, some features in connection with the

nervous system and sense organs of Amiurus appeared to me of

special interest. These have been elaborated at the expense of other

points which would prove no doubt equally worthy of closer exami-

nation, but which did not at first sight appear so promising as fields

of enquiry. The treatment is consequently not monographical,

although for the sake of completeness a short account has been in-

serted of some structures which have not been subjected to special

study.

Of the sense organs, the olfactory does not appear to be either

more or less developed than is usual in Teleosts. The eyes on the

other hand are extremely small, a condition which is compensated

for by the exquisite development of tactile sensibility on the head and

especially on the barblets. The latter serve to increase the range of

the tactile sense ; especially is this the case with those which are car-

ried on the ends of the modified superior maxillary bones, for their

muscular connections enable them to be swept freely at the sides of

the head. Also, the auditory organ and the sense organs lodged in

the canals of the lateral line and head are well developed, and the

former is connected with the air-bladder in such a manner as to indi-

cate functional relationships of the highest importance.

The importance of these sense-organs is sufficiently indicated by the

large size of the nerves distributed to them, and the central connec-

tions of the latter naturally determine many peculiarities in the

architecture of the central nervous system. Considerable space is-



SENSE ORGANS OF AMIURUS. 353

therefore devoted to the origin and distribution of the trigeminus

group and to the auditory apparatus. The following order is observed
in the description of the various parts :

—

I. Central nervous system.

II. Peripheral nervous system.

III. Sense organs.

I. CENTRAL NKRVOUS SYSTEM.
A.—THE BRAIN.

As in most other Teleosts the cranial cavity of Amiurus is by no
means filled up by the brain, which is surrounded by a large quan-

tity of areolar connective tissue rich in vessels and fat. This tissue is

continued backwards into the neural canal and into the cavities in

which the semicircular canals are lodged, to which, and indeed to the

whole auditory labyrinth, the tissue acts as ' perilymph.'

The recent observations of Mayser1 and Kabl-Riickhard2 have con-

firmed Stieda's interpretation of the various parts of the Teleost

brain, and are thus entirely opposed to the views expressed by
Fritsch in his " Untersuchungen fiber den feineren Bau des Fisch-

gehirns." As was to be expected from the affinity of the Siluroids

to the Cyprinoids, I have found Mayser's researches, which are

chiefly based on the latter group, of the greatest service in studying

the brain of Amiurux. The points in which that genus differs from

Gyprinus I shall call attention to in the course of my description

My obseiwations have, however, not been extended to the study of

the finer structure of the brain, and the sections figured are rather

intended to complete the topographical description than to furnish an

exhaustive account of the nerve-fibre tracts.

Owing to the abundant perilymphatic tissue it is easy to remove

the roof of the brain case without injuring the brain. The appear-

ance of the organ when so exposed is represented in Fig. 13, PI. I.

In front we have the so-called cerebral hemispheres (GB) which after

the brain has been hardened appear to be two solid masses separated

by a longitudinal medial groove, but which in the recent condition

are seen to be two oval thickenings in the floor of a sac whose roof

and walls are extremely thin and transparent, and whose cavity is the

ventriculus communis of the secondary forebrain, prosencephalon. In

comparison with many other Teleostean forms the cerebral hemis-

pheres of Ainiurus are of large size. From the ventral surface of

] Zeit. wiss. Zool. XXXVI. 2 Arch. Anat. Pliys. 1882-3.
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each, in front of the hilus where the vessels for the fore-bi^ain enter,

arises the long slender olfactory tract (Fig. 14). With its neighbour

it runs along the floor of the brain case near the middle line till it

reaches the olfactory lobe which lies directly against the nasal sac, so

that the numerous olfactory nerves are extremely short. It is only

recently that Rabl-Ruckhard has pointed out that each olfactory tract

and lobe is a hollow outgrowth of the secondary fore-brain, carrying

with it a process of the ventriculus communis. Each tract instead

of being a solid cord is in fact a tube, the roof and sides of which

are extremely thin, while the floor is so thickened as nearly to fill

the cavity of the tube. In young specimens where the olfactory tract

is extremely short and the olfactory lobe still lies close to the cerebral

hemispheres it is easy enough to demonstrate this, but it becomes

more difficult to do so in the adult, when the tracts have become

much elongated.

From the dorsal aspect it is impossible to see anything of the

primary forebrain or thalamencephalon, for both it and the medial por-

tion of the roof of the midbrain are covered by the great impair

cerebellum (CB), which, in fact, partly overlaps the cerebral hemi-

spheres. At each side of the cerebellum, however, are to be seen

the lateral parts of the midbrain, the optic lobes (LO), which in

accordance with the small size of the eyes are themselves very small.

Behind these the cerebellum is continuous by its postero-lateral angles

with the tubercula acustica, which are themselves joined behind the

cerebellum by a bridge of gray matter which roofs over the fourth

ventricle in front of the trigeminal lobes. The great size of the

cerebellum, its direction forwards so as to overlap the forebrain, and

the great size of the tubercula acustica are prominent peculiarities of

the brain of Amiurus. In accordance with the great size of the

fifth and vagus nerves, the lobes of the medulla oblongata in which

these take origin are proportionately large. They project from the

floor of the fourth ventricle, so as to leave merely an irregular

sagittal slit in place of the usual rhomboidal groove. Of the two

pairs of lobes, the anterior or trigeminal {LT) are the larger, and

one of them not uncommonly projects beyond the middle line so as

to encroach on that of the other side. No fusion ever takes place,

as is the case with the Cyprinoids, so that there is always the slit-like

fourth ventricle between the trigeminal lobes of Amiurus, whereas

in the Cyprinoids they are coalesced into one lobus impar. The
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vagus lobes are never so large as the trigeminal ; the slit between

them is always wider, and no encroachment beyond the middle line

is observable. The slit becomes shallower posteriorly and does not

in the posterior planes of the origin of the second root of the vagus>

extend down to the central canal of the cord. This region is that o r
"

the commissura cerebri infima of Haller, where the posterior columns

of the medulla are divaricated from each other so as to leave a wide

Y-shaped slit on section, which, however, does not extend to the

central canal. The posterior boundary of this slit may be regarded

as the point of passage of the medulla oblongata into the spinal cord

,

a point which is indicated by no marked constriction, for immediately

behind the vagus lobes the brain tapers off quite gradually into the

cord.

From the ventral aspect various other parts of the brain may be

seen. (Fig. 14.) The ventral surface of the cerebral hemispheres

is marked by the formation of a lateral lobe which gives on trans-

verse section the outline represented in Fig. 18, PL V. Immediately

behind the cerebral hemispheres is the crossing of the optic nerves,

which can be followed in the form of the optic tracts towards the

optic lobes. Behind the optic chiasma is the commissura transversa

of Haller ; the latter structure lies on the anterior part of the floor

of the primary forebrain or thalamencephalon. We shall see after-

wards that the roof of this part of the brain is extremely short from

before backwards ; its floor on the other hand is extraordinarily

developed,' for not only is there the large tuber civereum with the

hypophysis connected with it, but also the large lobi inferiores (LI),

and the saccus vasculosus enclosed between the posterior tips of

these, all of which structures contain prolongations from the third

ventricle.

Owing to the small size of the optic lobes these are barely visible

from the ventral aspect, and the floor of the midbrain being chiefly

developed into the swellings, tori semicirculares, which nearly fill up

the optic lobes, is practically excluded from the basal aspect of the

brain. The ganglion interpedunculare (Fig. 7, PI. V.) represents the

boundary between the midbrain and oblongata.

The points of origin of most of the cranial nerves can be studied

from the ventral aspect. Those of the olfactory and optic tracts

have already been referred to above. The third nerve (oculomotorius)

leaves the base of the midbrain just in front of the posterior tip of
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the lobus inferior which must be r*aised to see its point of emergence.

Further up on the lateral aspect of the brain, immediately behind the

optic lobe, emerges the fourth nerve (trochlearis). and the posterior

tip of the optic lobe must be pushed forwards to see its precise point

of emergence.

The sixth nerve (abducens) leaves the medulla oblongata by two

slender strands on each side which take their origin near the ventral

longitudinal fissure. All of these nerves after leaving the brain

associate themselves with the trigeminus group in a way which neces-

sitates the description of their further course with that nerve.

The trigeminus group not only includes the fifth nerve, but also

the seventh. The motor root of the latter is quite distinct from the

trigeminal roots, emerging as it does in front of the auditory nerve,

and immediately directing itself forward to join the trigeminal com-

plex. (Fig. 15, PI. I.) Formerly this motor root was considered

to be the only representative of the facial, but first Balfour detected

in embryo Selachians a dorsal root taking its course through the

orbit, and more recently van Wijhe discovered the part which the

R. dorsalis VII plays in the formation of the ramus ophthalmicus

stiperficialis. In the adult Amiurus it is impossible to isolate any

R. dorsalis VII. from the neighbouring roots of the trigeminus,

and I shall consequently only describe the motor root as JV. VII.,

referring to the others as acustic roots of the trigeminal complex as

they take origin from the tuberculum acusticum.

Curiously Friant has committed the mistake1 of according solely

to these branches (R. buccalis and ophthalmicus superficialis) the

name of seventh nerve, and of supposing that their destination is

" animer tous les muscles sous-cutane's ou peauciers de la face ainsi

que ceux qui entourent l'orifice nasal "
! He describes the proper

motor facial as R. hyoideo-mandibularis of the trigeminus.

In studying the roots of the trigeminal complex after the ganglion

has been detached from the brain, Fig. 16, PL I., the two principal

roots are readily seen separated by a white band which stretches for-

wards from the root of the auditoiy nerve. The upper and more

posterior of these, the dorsal geniculated root of the trigeminus

(N. V., gen. dors.), can be followed at once into the trigeminal lobe,

the lower, which is somewhat anterior in position and considerably

1 Recherches anatomiques sur les nerfs Tiijumeau et Facial des poissons osseux, Nancy
1879. p. 84.
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more slender, extends transversely inwards into the medulla oblongata,

and also backwards into the spinal cord. It includes the transverse

and ascending roots of the trigeminus (i\
7

. V., asc. et trans.). In addi-

tion to these three other more superficial roots enter the ganglionic

complex, and their points of origin can be seen without dissection.

Fig. 15, PI. I. One of these has been already referred to as the

motor root of the seventh (N. VII.), the others, which take origin

high up from beneath the crest of the tuberculum acusticum, are

what I have referred to as acustic roots of the trigeminus.

It is desirable at this stage, to examine the branches which leave

the trigeminal complex, and then to study the mode in which the

various roots contribute to the formation of these.

Examining the ganglionic complex in situ from the medial aspect

(Fig. 17, PL I.), the strong Ramus lateralis V. is seen ascending

obliquely backwards to the foramen through which it escapes in the

occipital region. From the dorsal edge, various other dorsal branches

arise, some extremely slender (d), which may only reach the mem-

branes, or penetrate into the skull, others, the Ramus oticus {R. ot.\

and Ramus ophthalmicus superficialis (R. o. s.), are of greater im-

portance. The course of the former1
is outwards and upwards to its

foramen in the sphenotic, ot the latter forwards to its foramen above

that, through which the larger Ramus ophthalmicus profundus

escapes. The latter nerve carries with it on its medial aspect the

trochlearis, but entirely within its sheath, so that it (J¥. IV.) can

only be recognized in sections of the complex by its broad fibres

contrasting with the narrow fibres of the ophthalmicus, Cutting

across the R. ophthalmicus profundus the slender ciliary nerve, R.

ciliaris, is seen to issue behind and outside it by a distinct foramen.

The rest of the trigeminal group emerges by three distinct apertures,,

which are frequently not entirely surrounded by bone, but merely

separated by bony spicules. They are for the infero-medial strand,

the supero-lateral strand and the facialis. The two latter frequently

issue together, but there may be a separating spicule of bone. I

have selected the expressions infero-medial and supero-lateral strands

for the bulk of the trigeminus group, because it is only after emer-

gence through the skull, that the rearrangement into R. maxillaris,

mandibularis, &c, takes place.

' For the selection of this name for the dorsal branch in question, v. Van Wijhe :—
" Over het Visceraalskelet en de Zenuven van den Kop der Ganoiden." Leiden, 1880, p. 25.



358 PROCEEDINGS OF THE CANADIAN INSTITUTE.

With the infero-medial strand (IM.) issue the third and sixth

nerves, the former being merely loosely attached to its medial aspect,

the latter within its sheath along the ventral edge. With the

supero-lateral strand issues the ramus buccalis, but in a separate

sheath.

Of the branches mentioned, the R. buccalis, oticus, and ophthal-

micus superficialis, can be traced directly to the roots from the tuber -

culum acusticum ; their fibres are for the most part extremely broad,

similar to those which form the auditory nerve, but some fine fibres

are received from the dorsal geniculated root. To the latter are

traceable for the most part the R. lateralis and ophthalmicus, as

well as the infero-medial strand, while the supero-lateral strand is

formed in great part by the broad motor fibres of the ascending and

transverse root. (N. V., asc. et trans.). .The two principal roots thus

assume a different relative position in the complex to what they

have on emergence, immediately after which, indeed, they cross. It

is to be understood that neither the infero-medial nor supero-lateral

strands are exclusively formed of fibres coining from one of the

principal roots, but only chiefly so. The facialis, again, as it emerges

from its foramen, although it contains all the broad fibres (13 fi)

which emerge as the motor root of the seventh, has also acquired

fibres from the tuberculum acusticum (10 ;±) and others of narrower

diameter from the ganglionic complex, so that, although chiefly sup-

plying the muscles of the palatine arches, the operculum and the

hyoidean apparatus, it serves also as a path for fibres of different

destiny.

The auditory nerve (N~. VIII., Figs. 14, 15 and 16, PL I.) leaves

the tuberculum acusticum on a level with the motor root of the

facial, and just behind that. Above it those fibres from the tuber-

culum acusticum which are destined for the vagus group, form a

white band coursing backwards immediately under the crest of the

tuberculum. (Fig. 3, PI. V.). Almost immediately after its origin

rthe auditory nerve divides into the shell-like ramus anterior, and the

more cord-like ramus posterior, and indeed the cords of the latter,

and the division between the anterior and posterior branches, may be

carried very nearly up to the point of emergence from the brain.

The fibres of the ramus posterior would seem to emerge somewhat

.higher than those of the ramus anterior. (Fig. 15, PI. I.)
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The Vagus Group.—This group of nerves escapes from the brain,

in two parts (Fig. 15, PI. I.), anterior and posterior, vagus I. and

II. The former is chiefly derived from the anterior planes of the

vagus lobes, the latter from the posterior. With the former are

associated the broad nerve fibres from the tuberculum acusticum

referred to as the acustic root of the vagus group. (R. ac. vag. I.)

Certain very slender motor roots, with a pronounced inclination

backwards, join the two parts of the vagus group from the lower

surface of the oblongata. One of these alone is connected with the

glossopharyngeus after its separation from the anterior part, while

two or three join the posterior part.

From the anterior part is detached the comparatively slender

glossopharyngeus nerve, which escapes from the skull by a separate

small aperture in front of the foramen for the vagus proper, and im-

mediately expands into a large ganglion trunci (G. IX.~) The rest of

the vagus group, formed of the whole of the posterior part (Vag. II.)

as well as of the greater portion of the anterior part
(
Vag. I.) escapes

through an independent foramen, and then forms the large ganglionic

complex (G. X.) from which the various branches of the vagus group

are derived.

As springing from the oblongata within the cranial cavity may be

mentioned the 1st spinal nerve, which does so by two distinct roots

escaping through the occipital region in the same horizontal plane as

the osseous roof of the cavum sinus imparls.

Reserving for separate description the course of the cranial nerves

outside the brain case, I proceed to consider certain points as to the

structure of the brain, which the diagrams on Plate V. will serve to

elucidate.

The section represented in Fig. 1 is through the vagus lobes of the

oblongata near their posterior border, and in fact through the corn,-

missura cerebri infima of Haller. It may be compared with Fig. 22,

Taf. XVI. of Mayser's paper, but it will be observed that the vagus

lobes are not so widely divaricated from each other in Amiurus as in

Cyprinus. The sensory root of vagus IT. has a direction somewhat

dorsal as it escapes, so that in horizontal sections of young fish trans-

verse sections of this part of the root are met with above the level of

its emergence from the oblongata (Fig. 11, PI. IV.) In other re-

spects the architecture is wonderfully alike. The ventral bundles of

longitudinal fibres are subdivided on each side into two compartments
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by the commissure/, accessories of Mautimer, and the extremely broad

' fibres of Mauthner' are found in the upper compartments. At

either side of the central canal is the nucleus of one of the motor

roots of the second part of the vagus, and on either side of the ven-

tral longitudinal fibres the nucleus of the first spinal nerve.

Fig. 2 represents a section passing through the anterior part of the

vagus lobes, and through the origin of the first part of the vagus.

Those fibres which join the nerve from the tuberculum acusticum are

cut transversely, and are seen above the eighth nerve in the next

figure. The sensory vagus fibres arise chiefly from the periphery of

the lobe, while fibres which originate near the wall of the fourth

ventricle collect themselves into a strong bundle, reinforced by simi-

larly originating fibres from the trigeminal lobe (Fig. 3) and are thence

to be traced forwards into the cerebellum as the secondary vago-

trigeminal tract of Mayser. {Sec. V. T.) This strong fasciculus lies

immediately below the ascending roots of the fifth nerve. The fourth

ventricle is slit-like in section, except where it becomes somewhat

wider above where its roof is formed only by ependyma and pia.

The slit-like section is retained except where encroached on by the

trigeminal lobes, until it becomes opened out immediately in front of

these (Fig. 4) to be closed again by the commissure of grey matter

which joins the tubercula acustica (Fig. 5). These ganglia are

further connected by fibres which decussate below the floor of the

fourth ventricle. (Figs. 3 and 4).

From the various parts of the tuberculum fibres converge to form

the auditory nerve (iV. VIIL), but it also receives a contingent from

a nucleus lying below the secondary vago-trigeminal fasciculus.

The whole of the trigeminal lobe serves to give origin to the sen-

sory fibres of the fifth nerve which form the powerful ' dorsal genicu-

lated root,' trending outwards in Fig. 4. In the same plane the motor

fibres of the facialis (N~. VII.) escape, partly derived from a nucleus

represented in the figure, but largely composed of a strand which

stretches outwards, forwards and downwards from the floor of the

fourth ventricle. It may be recognized in transverse section in

Fig. 3, before it has begun to assume the course above named.

Fig. 5 illustrates a section passing through the trigeminal roots.

The fibres derived from the tuberculum acusticum are most superficial,

the ascending and transverse fibres most anterior and ventral ; the

change of position which the latter undergo with regard to the dorsal
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geniculated root is represented in Fig. 6. In Figs, i and 5 the

patches of ganglion-cells lateral to the ventral columns are the nuclei

for the anterior and posterior roots of the sixth nerve.

From the floor of the fourth ventricle vessels (v) are distributed

up the sides of the vagus and trigeminal lobes as well as up the

posterior face of the laminated bridge of grey matter joining the

tubercula acustica {com. tub. ac.)

This appears to give place gradually to the cortex of the cerebel-

lum without again exposing the .fourth ventricle, the roof of which is

thus formed in the posterior part of this region by the cerebellar

cortex, (Fig. 6), which is, however, gradually encroached on by the

molecular layer until it is confined to the periphery. (Fig. 7).

Two great transverse ventral commissural systems are readily seen

in sagittal sections of the brain, one behind, the other in front of the

ganglion interpedunculare ; the former of these which appears to be

equivalent to the fibres marked pons varoli (1) by Mayser, is repre-

sented in Fig. 6. It appears to be much more developed than the

similar system in Gyprinus. The latter is the commissura ansulata
;

its posterior bundles are those which stretch towards the ganglion

inteipedunculare, (Fig. 7), its anterior form the base of the brain

immediately behind its junction with the lobus inferior (Fig. 8).

Between the planes represented in Figs. 6 and 7, the fourth ventricle

gradually becomes slit-like in section, its wall being formed of

vertical fibres which connect the outer part of the ' Uebergangs-

ganglion ' of Mayser, (' transitionary,' because, according to Mayser's

conception, it is situated partly in the hind and partly in the mid-

brain) with the molecular layer of the cerebellum. The slit-like sec-

tion of the ventricle is soon altered by the decussations of fibres in

this region, by which a dorsal part is separated off belonging to the

cerebellum (Figs. 7 and 8). Most posteriorly is the decussation of

the secondary vago-trigeminal fasciculi, some fibres of which are re-

presented approaching the middle line in Fig. 7.

Fig. 7 is from a plane immediately behind the optic lobes, the tip

of one of which is just caught in the section figured, with the

fourth nerve emerging below and behind it. The nucleus of that

nerve is in a more anterior plane (Fig. 8), as well as its decussation

between the valvula cerebelli and the ventricle. From|the plane re-

presented in Fig. 8, as far as that in Fig. 11, the valvula cerebelli is to

be met with, cortical substance at first predominating, but afterwards
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giving place to molecular substance especially near the ventricle,

(Figs. 9 and 10). It is much simpler in its form than the valvulaoi

the Cyprinoids, as may be judged from the sections : its anterior

tip lying between the tori longitudinales is formed solely of cortex.

One of the most characteristic features of the brain of Amiurus is

the forward growth of the cerebellum itself. Becoming independent

of the valvula in a plane between those represented on Figs. 8 and 9,

it projects forwards as far as the plane of the commissura anterior

(Fig. 1.9). In its free part which thus overlies the roof of the mid-

brain as well as the thin roofs of the intermediate and fore-brain, the

molecular substance is always completely invested by cortex.

The great development of the hind-brain of Aviiurus is associated

with a comparatively small mid-brain, which only reaches the free

surface in the form of the optic lobes. It is easy enough to deter-

mine the boundary between mid-brain and thalamencephalon ; it is

formed by the fusion of the tori longitudinales with the commissura

posterior. Mayser selects, with other authors, the decussation of the

fourth nerves as the boundary between mid- and hind-brain. The

boundary between the parts formed from the second and third

cerebral vesicles is more difficult to determine in the adult, owing to

the manner in which the valvula cerebelli is projected forwards into

the mesocoele (ventricle of the mid-brain), but it is to be understood

that the lateral cornua of the mesocoele (ventricles of the optic lobes),

[7X0], and consequently their walls, which form the lateral parts of

the mid brain, are to be found both in front of (Fig. 14) and behind

(Fig. 8), the aquozductus Sylvii and its walls, which constitute the

central part of the mid -brain. The lateral walls and roofs of the

ventricles of the optic lobes are everywhere formed by the tecta optica,

while the medial walls and floors are formed by the tori semicircu-

lares. Penetrating the ventricles and thus effecting a union between

the tori semicirculares and tecta optica are the radiating ' Stabkranz
'

fibres. (Radiatio thalami of Fritsch.) A comparison of Figs. 8 to

14 will show the course of the tori longitudinales. At first hardly

projecting into the internal and upper angles of the ventricles of the

optic lobes, they gradually become more prominent. In the more

posterior planes separated widely by the valvula cerebelli, they con-

verge till, at the plane of the commissura posterior, (Fig. 13), they

are almost in contact. Immediately behind that the central part of

the roof of the mid-brain is formed simply of transverse fibres trace-
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able chiefly into the outer layers of the tecta optica. The mode in

which the fusion of the tori, both with each other and the co7nmissura

posterior, is effected at the anterior boundary of the aqvosductus

Sylvii, is represented in Fig. 1 4, where their fibres are seen to descend

with those of the posterior commissure into the optic thalami.

At this point the ventricles of the optic lobes die out, and the third

ventricle is alone present in frontal sections. In the plane repre-

sented in Fig. 15, its cavity is prolonged upwards into a diverticu-

lum, the origin of the epiphysis, which makes its way outwards

through the roof (Fig. 16) to terminate in the adipose tissue above

the roof of the ventriculus communis in the plane of the commissure*,

anterior. No prolongation into the cranium such as has been de-

scribed especially by Cattie1

, occurs here, and the wall is quite simi-

lar, histologically, to the roof of the ventriculus communis. Immedi-

ately in front of the diverticulum of the epiphysis the molecules of

the ganglia habenulce make their appearance (Figs. 16 and 17) ; the

fibres which collect themselves into the bundles of Meynert soon

group themselves into a cylindrical form, and are to be seen on either

side close to the walls of the third ventricle at successively lower

points (M.B., Figs. 14, 13, 12), till they eventually distribute them-

selves, breaking through the strands of the commissura ansulata, to

the ganglion interpeduncular e.

Owing to the fact that the plane which represents the boundary

of the primary foi*e-brain and mid-brain is an extremely oblique one,

extending from the ganglia habenulos above, downwards and back-

wards to the ganglion interpedunculare, the third ventricle and the ven-

tricle of the mid-brain (mesocoele) are to be met with in communi-

cation with each other in the same frontal planes (Fig. 11.) In this

region the infundibulum communicates below with the hypophysis,

and from the ventricle two prolongations
(
VLI ) are sent into the

lobi inferiores, a shorter inferior cornu, and a longer superior and

anterior one, which meet each other at one point, thus partly cut-

ting off from the rest of the lobus inferior a somewhat cylindrical

lobule. Backwards, the cavity of the infundibulum becomes folded,

and is continuous with that of the saccus vasculosus, where all the

nervous matter has disappeared with the exception of two cornua

somewhat crescentic in section (Fig. 8), round which densely. staining

molecules are grouped.

1 Archives de Biologie. Tome II

26
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The most powerful of the ventral commissural systems is, no

doubt, that of the commissure/, transversa Halleri, which is situated

for the most part in front of the ganglia habenulm, although part of

it is represented, receiving contingents from the inferior lobes and

optic thalami, in Fig. 17. In Fig. 15, other commissural fibres are

seen higher up on a level with the peduncular strands, these appear

to belong to the commissura horizontalis of Fritsch.

Figs. 18, 19, 20, represent sections through different planes of the

fore-brain, and confirm the views of Stieda and Rabl-Ruckhard, that

the secondary fore-brain is not formed of two solid masses as generally

described, but that these—the lobi anteriores or cerebral hemi-

spheres—are nothing but raised ganglia developed in the floor of a

great impair ventricle, the ventriculus communis, the anterior out-

growth of the third ventricle. Each lobus anterior may be described

as formed of a medial and lateral part. The latter becomes especially

distinct behind (Fig. 18), and indeed its tip (CHL), Fig. 17, projects

further back than the boundary between the secondary and primary

fore-brain. Within the medial part of the lobus anterior, near its

junction with the lateral, are situated the peduncular strands. In

front of the commissura transversa the fissure of the ventriculus

communis separating the anterior lobes extends so deep as to leave

in parts very little to connect them, but ependyma and pia. The

optic tracts, however, soon replace the commissura transversa, and

bind the ventral surfaces of the anterior lobes together. (Fig. 18.)

In front of this where the optic chiasma merely rests on the ventral

surface of the brain, the lobes are joined by the commissura anterior.

In its posterior planes this is formed of fibres ot two different

characters, which give place in front to the ordinary grey matter of

the anterior lobes. Still further forwards where the olfactory tracts

are given off (Fig. 20), the lobes are widely separated, and lie free

within the cavity of the ventriculus communis, except for a small

place on the ventral surface of the olfactory tracts. This attachment

persists in front, where the ventriculus communis has been sub-

divided into the ventricles of the olfactory tracts as described above.

5.-THE SPINAL CORD.

I have not devoted any special study to the spinal cord. Sections

in the anterior region resemble in the arrangement of grey and white

matter the condition in Silurus as figured by Stieda. 1 A gradual

i Zeit. wiss. Zool. XVIII., PL I., Fig. 4.
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tapering may be observed till the upturned portion of the notochord

is reached where the cord suddenly loses its cylindrical form and

dilates into a pyramidal swelling. This is, no doubt, owing to the

greater size of the ventral as compared with the dorsal columns in

this region where two pairs of powerful ventral roots are given off

behind the last dorsal roots.

II. PERIPHERAL NERVOUS SYSTEM.

The intracranial course of the" cranial nerves has been described

at page 355. It remains to follow them to their terminations out-

side the skull. Nothing further need be said with regard to the

olfactorius and opticus.

Owing to the small size of the eyes, the dissection of the motor

nerves of the eyeball is a matter of some difficulty, which may
account for the fact that I have not been able to find any trace of

an oculomotor or ciliary ganglion, although I have examined the

whole of the third and ciliary nerves within the orbit for that pur-

pose.

In the course of passing through the skull the third nerve leaves

the infero-medial strand of the trigeminus, to enter a special canal in

its course to the orbit which it reaches between the R. ophthalmicus

profundus and the R. ciliaris. It divides immediately into the

superior and inferior divisions, the former of which runs at once to

the rectus superior while the latter crosses obliquely over the rectus

inferior and medius, supplying them, to end by the long branch in the

obliquus inferior.

In dissecting from the floor of the mouth, (Figs. 1, 2, 3, PI. IV.) the

rectus externus has to be l-efiected to expose the inferior division of the

third taking this course.

The trochlearis accompanies the R. ophthalmicus profundus into the

orbit and leaves it there about the middle of its course to pass

obliquely forwards and outwards to end in the obliquus superior. Tn

its course there, certain fibres from the ophthalmicus may be asso-

ciated with it (Figs. 4, PI. IV.) which end in the fat near the superior

oblique muscle.

The abducens also leaves the ventral edge of the infero-medial

strand, and crosses to accompany the third into the orbit ; this it

does apparently in the same sheath, although it may be readily
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separated from it, and is always lateral to it in position. It immedi-

ately enters the rectus externus on the posterior margin of that

muscle.

BRANCHES OF THE TRIGEMINUS GROUP.

The ramus lateralis trigemini leaves the skull by the foramen in

the supraoccipital, and courses backwards near the middle line be-

tween the lateral musculature, and that of the interspinous bones.

It is reinforced immediately after leaving the skull by the important

dorsal branches of the first, second and third spinal nerves, and acts

as a collector for slenderer branches from all the other rami dorsales^

(Figs. 6, 14, 15, PL IV.)

The ramus oticus emerges from its foramen in the sphenotic and

supplies the mucous canal running backwards and forwards from this

point. Two short cutaneous branches penetrate vertically the adduc-

tor mandibular near its dorsal line of origin for the skin overlying

that and a larger posterior branch runs through the fibres of the

adductor mandibular to become superficial over the levator operculi.

The mucous canal in the preoperculum is supplied in its upper part

by a descending branch, which runs underneath the adductor mandi-

bular and on the surface of the dilatator operculi to become super-

ficial at the posterior edge of the former muscle. The ramus oticus

thus contains ordinary sensory fibres in addition to those destined for

the mucous canals.

The ramus ophthalmicus superficialis emerges from the skull

through a canal which is considerably lai'ger than, and lies dorsally

from that through which the R. opht. profundus emerges. It gains;

the orbit immediately under the osseous roof of which it lies, and

escapes from it on to the upper surface of the skull through a foramen

above that through which the projundus passes. In its course to the

mucous canals in the neighbourhood of the nasal sacs it crosses super-

ficially to the outside of the profundus, but does not communicate

with it. In the orbit it is separated from the profundus by the

oi'igin of the dilatator operculi.

The ramus ophthalmicus profundus follows the course implied

above through the orbit, gives off a slender branch to join the ramus

ciliaris, another to the skin and fat in front of the eye and along the

outer border of the nasal sac. Immediately after reaching the upper-
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surface of the skull a strong branch enters the nasal barblet, and

the rest passes toward the middle line, a branch being given off along

the medial border of the nasal sac as far as the extremity of the^snout.

(Fig. 4, PL IV.)

The ramus ciliaris takes oi-igin from the ophthalmicus after that

nerve has separated from the trigeminal complex, but within the

cranial cavity, and partly also from the supero-lateral strand. It

escapes into the orbit by a foramen lateral to that for the R. ophthal-

micus prof'nidus. Its branches there are partly represented in

Fig. 3, PI. IV.

The ramus buccalis emerges through the same foramen as the

supero-lateral strand, but in a separate sheath. At its origin from

the trigeminal complex it is very closely connected with the ramus

ophthalmicus superfieialis, although it contains fibres other than those

derived from the tuberculum acusticum. In dissecting the ramus

maxillo-mandibidaris from the upper surface after reflection of the

eye, the ramus buccalis is found on the surface of that nerve. As it

courses forwards it divides into two branches, of which the deeper

and more medial accompanies the ramus maxillaris to the sub-

cutaneous tissue below and outside the nasal sac, and the lateral and

more superficial is destined for the infraorbital mucous canal. A
cutaneous branch becomes superficial at the posterior inferior angle

of the orbit (Fig. 3, PI. IV.), and afterwards communicates with a

cutaneous branch of the facial below the edge of the adductor man-

dibulce.

The remaining branches of the fifth proper are formed from the

supero-lateral and infero-iuedial strands after they have emerged

from the skull. The mode in which this is effected may be seen

from Fig. 1, PL IV., which represents a dissection from the roof of the

mouth.

Ramus cutaneus palatinus.—This small branch is derived from

the infer-o-medial strand just after its escape. It ramifies in the

mucous membrane of the roof of the mouth over the M. adductor

arcus palatini, but also sends a branch backwards to the mucous

membrane lining the gill-cover, and covering the adductores hyoman-

dibularis and operculi.

Ramus palatinus.—This is a large branch of the infero-medial

.strand which runs forwards between the adductor arcus palatini and

the skull, beinw flattened between the ligamentous attachment of
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this muscle to the parasphenoid and that bone. Here it detaches a

superficial branch for the mucous membrane over the entoptergyoid,

and then penetrates the fleshy anterior part of the adductor a/rcus

palatini where it forms two branches. The more medial of these is

stronger and more superficial in the substance of the muscle, but

both end in the premaxillary teeth and the mucous membrane of the

lips and anterior part of the roof of the mouth.

Ramus ad. m. adductorem mandibulce.—This strong branch is

derived from the supero-lateral strand immediately on its emergence

from the skull, soon gains the dorsal aspect of the retractor muscle

of the maxillary barblet which it supplies, and then distributes itself

in the fleshy mass of the adductor mandibulce after giving off a super-

ficial branch. This (Fig. 3, PI. IV.) contains fibres for the levator

arcus palatini and dilatator operculi, and also furnishes a cutaneous

branch which communicates with a similar branch of the facial

crossing the surface of the adductor mandibulce.

The mode in which the Br. maxillaris and mandibularis are formed

by the redistribution of the fibres of the supero-lateral and infero-

medial strands is shown in Fig. 1 , PI. IV. Each nerve contains ele-

ments from both strands.

Ramus maxillaris.—This branch is considerably smaller than the

R. mandibularis, owing, no doubt, in part to the reduction and con-

version of the superior maxillary bones. It is accompanied by the

ramus buccalis as far as the hinder end of the palate bone where it

divides into medial and lateral branches. The former turns over the

dorsal surface of the palate bone, and ends in the lateral premaxillary

teeth and the neighbouring skin, while the latter, after detaching

some cutaneous branches, passes between the split tendon of the-

retractor muscle of the maxillary barblet and divides into two

branches for the anterior and posterior aspects of the barblet.

Ramus mandibularis.—The two constituent strands may remain

separate while the nerve gains the dorsal aspect of the retractor

muscle of the maxillary barblet. Here it gives off a branch which

accompanies the tendon of that muscle to the posterior aspect of the

barblet, and then divides into the external and internal branches.

The former, R. externus is given off at the anterior border of the

insertion of the adductor mandibulce, and passes along the external

edge of the lower lip communicating with a fine cutaneous branch

of the facial which accompanies it at a somewhat lower level. The
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ramus interims gains the inner aspect of the jaw where the R.

externus is given off, and after passing under a cartilaginous loop

ends in the mandibular barblets, teeth and mucous membrane, as

well as in the intermandibular muscle which it helps to supply along

with a motor filament from the facial.

Facialis.—The mucous membrane lining the gill-cover has to be

removed to expose the facial in its passage from its foramen of exit

from the skull to its point of entry into the hyomandibular canal.

In the exposed part it gives off (1) a ramus opercularis which runs

backwards to the adductores hyomandibularis and opercidi, and <2)

a ramus ad M. adduct. arc. "palatini which curves forwards round

the posterior edge of that muscle, passes through the muscular sub-

stance supplying it, and then enters the anterior part of the muscle

where it is situated more superficially, and is joined by a branch of

the ramus palatinus V. While in the hyomandibular canal a few

branches escape to the muscles of the branchiostegal rays, and to the

mucous membrane there. On escaping from the hyomandibular

canal a stout ramus externus is given off which courses along the

lower edge of the adductor mandibuloe. to communicate with the r.

ext. mandibularis as described above. In its course several small

cutaneous filaments are detached, two of which effect communication

with branches of the fifth emerging under the edge of the levator

arcus palatini.

The remainder of the seventh passes along the posterior border of

the ceratohyal, and then into the fibres of the geniohyoid and inter-

mandibular muscles.

Glossopharyngeus.— I have already described this nerve as far as

the formation of its ganglion. From this the nerve runs forward in

contact with the skull and medial to all the levatores branchiarum, the

most anterior of which it supplies. Before being distributed to the

first branchial arch it gives a filament to the wedge of fat and con-

nective tissue between the pharyngobranchials and the adductor arcus

palatini.

Vagus.—From the large ganglionic plexus in which lobes can be dis-

tinguished belonging to the different trunks (Fig. 13, PI. IV.) the

trunci branchiales vagi are given off. The first and second trunks come

off together, and are somewhat slenderer than the third and fourth.

With the fifth come off the branches to the contractile palate and

behind it a truncus intestinalis. Between tr. branch. III. and / V.
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an independent branch arises for the oblique dorsal musculature of

the gill arches, which is, however, in part supplied by a branch of

tr. branch. IV.

Directly behind the most posterior of the levatores branchiarum,

and separated by it from the nerves in front, the ramus lateralis

vagi originates from its subdivision of the ganglionic complex. It is

at first parallel in its direction to the transverse portion of the

supraclavicle, but afterwards crosses it (Fig. 14, PI. IV.) and becomes

superficial over the air-bladder and behind the ascending process of

the supraclavicle. Here it gives off its branch in the course of the

accessory lateral line which can be traced along the line of junction

of the ventral and lateral musculature as far as the line of attach-

ment of the superficial muscles of the anal fin (Fig. 6, PI. I.), while

the stem is continued backwards in the line between the dorsal and

ventral parts of the lateral musculature. Whether as Mayser asserts

for Cyprinus the fibres of the ramus lateralis are those which I have

named radix acusticus vagi I., I have been unable to demonstrate in

Amiurus, but the fact that the mucous canals of the head are sup-

plied by fibres from the ttiberculum acusticum would lead one to con-

clude that the same is true of those of the trunk.

SPINAL NERVES.

Of these there are forty-one pairs, of which the first emerge

through the exoccipitals, the more anterior of those which follow

by separate apertures for the dorsal and ventral roots through the

arches of the corresponding vertebrae (e. g., the 7th pair through the

arch of the 6th vei'tebra) and the more posterior through notches on

the posterior borders of the arches, which are closed into foramina by

articulating processes from the succeeding vertebra?.

The second and third spinal nerves have no foramina, for owing to

the modification of the anterior vertebra? in connection with the

auditory organ, the wall of the neural canal is membranous in that

region. The dorsal and ventral root of the second are further apart

from each other than those of the third, but they emerge very close

to these, much closer than their points of origin from the spinal cord

would indicate. (Fig. 8, PI. IV., and Figs. 2 and 3, PL VI.) This

backward position of the points of emergence of the roots of the

second nerve is to be explained by the formation of that diverticulum

of the dura mater known as the atrium sinus imparls and the alteration
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of the arch of the first vertebra in contact with it. The fourth nerve

is, however, quite normal in its emergence, escaping through the arch

•of the third vertebra towards its union with the arch of the fourth.

Further particulars as to the neural canal in this region are to be

found under the description of the auditory organ. There also the

nature of the saccus paravertebralis is described in which the ganglia

of the first four spinal nerves lie.

The ventral branches of the first four nerves go to form the

"brachial plexus, according to the diagram, Fig. 5, PI. IV. The dorsal

branches, especially of the second and third, are of large size, and join

the ramus lateralis V., as already described. As the ventral branches

of the second and third pass outwards towards the plexus, they are

extremely close together and may lie in the same sheath in a groove

between the ventral edges of the strong anterior part of the fourth

'tranverse process (Fig. 13, PL IV. ^ and the ti'ansverse process of the

supraclavicle. The ventral branch of the fourth is much slenderer,

and after escaping from the neural canal gains the posterior aspect of

the part of the fourth transverse process referred to.

After the venbral branch of the first nerve leaves the sarcus para-

vertebralis, it rests on the trapezius muscle which it supplies, and

then divides into medial and lateral branches. The former (1 Fig.

5), is intended for the pharyngo-clavicular muscles, the latter

reinforced by a branch from the second nerve is destined for the

supply of the abductor muscles and the deep adductor. (2 and 3,

Fig. 5).

The remainder of the second nerve joins the third ; the superficial

adductor is supplied from this junction, a slender cutaneous filament

courses to the skin in front of the fin, and a large nerve enters the

defensive spine of the fin. The fourth nerve assists in the supply of

the superficial adductor, it sends a delicate filament to the skin below

the fin, and is distributed also to the upper part of the ventral mus-

culature there. Fig. 5 also represents the method in which the

following myotomes are supplied by the fifth, sixth and seventh

nerves, and the nature of the communications between these. The

ventral branch of the fifth runs down the intermuscular septum

between the third and fourth myotomes of the ventral nmsculature

and the following nerves conduct themselves similarly, supplying

chiefly the myotomes in front of them.
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Five nerves (the tenth, eleventh, twelfth, thirteenth and four-

teenth) enter into the supply of the musculature of the ventral fin,

branches for the superficial muscles forming an independent plexus

from that into which the branches for the deep muscle enter.

A general scheme for the more posterior nerves is represented in

Fig. 6, PL IV., in which the rami dorsales are seen to furnish branches

for the R. lateralis V. as well as branches for the interspinous muscles.

Each R. ventralis, as described by Stannius, crosses over an inter-

muscular septum into the following myotome, where the branches

(Rmv) for the ventral parts of the lateral musculature are given off,

and then all are connected by two longitudinal cords (like nervi col-

lectors) from the nodal points of which the branches for the deep

(Rmp) and for the superficial musculature (Rnis) of the anal and

caudal fins are derived. The infracarinal muscles are supplied by

nerves which are apparently homodynamous with those going to the

superficial musculature of the fins.

The nineteenth to the thirty-third rami, ventrales take part in the

innervation of the anal fin, while the caudal fin receives the succeed-

ing nerves, of which the two last pairs consist only of very strong

ventral branches corresponding to the terminal swelling of the up-

turned tip of the spinal cord.

SYMPATHETIC NERVOUS SYSTEM.

I have not devoted any attention to the sympathetic system ; a

thorough study of it, especially in its relations to the somewhat

puzzling suprarenal capsules of the Teleosts, would no doubt yield

facts of much interest.

The most readily-detected ganglia are to be found on the sides of

the body of the first vertebra, giving off there branches with the

branches of the aorta, as well as the ganglionated cord backwards

along each of those vessels. Two branches of large size pass for-

wards and downwards under the branchial veins and are joined by a

transverse commissure under che basioccipital. Thence the anterior

communicating branches to the ganglia of the vagus and trigeminus

gi-oups pass forwards.

III. ORGANS OF SPECIAL SENSE.

Although my detailed observations have been confined to what is

unquestionably the point of highest interest in connection with the

sense organs—the relationship of the air-bladder to the auditory
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labyrinth—I prefix, for the sake of completeness, a few particulars

as to the olfactory organ and eye.

With respect to the former, Amiurus differ very slightly from

Silurus glanis. Like most Teleosts the nasal sacs communicate with

the outside by two apertures, which are separated by the whole of

the length of the roof of the sac, as much as 12 mm. in specimens

of moderate size. The anterior aperture is somewhat oblique and

prolonged into a short tube of 2 mm. in diameter, while the poste-

rior, twice as wide, is overhung by .the nasal barblet which originates

immediately in front of it. In connection with the roof of the sac are

both the nasal and adnasal or antorbital bones. The apertures are

situated in the same sagittal plane, but after the removal of the roof,

it is evident that the sacs themselves converge backwards. (Fig. 12

PL I.) A high epithelium clothes the roof and the posterior part of

the floor of the sac. The rest of the floor is elevated into the

Schneiderian folds which are disposed on either side of a median

raphe. On each side of the raphe there are fifteen to sixteen

of these arranged in a somewhat fan-like fashion. Immediately be-

hind and underneath the folds is the olfactory bulb from which

the short nerve fibres distribute themselves to the neuro-epith-

elium.

The small size of the eye in Amiurus renders it a somewhat un-

favorable subject for investigation. As far as concerns the disposi-

tion of the muscles of the eye, the retrobulbar tissue and the coats

of the optic nerve, I have not observed anything depai'ting from the

normal condition of affairs. The sclerotic coat is destitute of bone,

is entirely fibrous in the neighbourhood of the entrance of the optic

nerve, but becomes cartilaginous forwards until it passes into the

substantia propria cornece. A comparatively thick layer of subcon-

junctival tissue separates this from the external epithelium.

I have not satisfied myself of the presence of any rudiment of the

chorioideal gland ; but the existence of a rudimentary pseudobranchia

renders worthy of more careful investigation the distribution in the

eye of the arteria ophthalmia/ magna. The argentea is well developed,

especially in the iris, but there is no tapetum. Like Anguilla, which

Amiurus further resembles in the small size of the eye, the pigmen-

tary epithelium of the retina is extremely thick, as much so as the
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rest of the retina, but unlike Anguitta there are no retinal vessels.

So far as I have observed the lens
;
its capsule, campanula Halleri and

processus falciformis offer no exceptional features.

AUDITORY ORGAN.

In many respects the labyrinth of Amiurus resembles that of the

Cyprinoids. The pars superior and inferior are equally widely sepa-

rated, and while the connecting narrow but thick-walled ductus sac-

culo-utricularis is very distinct, the pars inferior lies largely behind

the pars superior. The latter is especially distinguished by the large

size of the recesstcs utriculi, and of the contained macula and otolith

(lapillus), Fig. 9, PI. I. Unlike the pars inferior it lies comparatively

free in the cranial cavity, except for certain parts of the semi-circular

•canals. The wall of the skull opposite the fovea rec. utr. is extremely

thin, but over against the thin-walled utriculus is much thicker.

Where the ductus sacculo-utricularis opens into the pars inferior, the

latter also looks freely into the cranial cavity. At this point the

fovea; sacculi, which are hollowed out on the upper surface of the

basi-occipital bone, are separated from each other by a median crest,

somewhat wider anteriorly, where the anterior tips of the sacculi

(processes of Comparetti) 1 diverge forwards into small recesses of the

prootics. To this crest the wall of the labyrinth is attached, as repre-

sented in Figs. 8 and 9, PI. VI.; the relationship to it of the posterior

branches of the auditory nerve is seen from the same figures. Fur-

ther back the fovea; are separated by the median cavum sinus im-

paris ; whose floor is hollowed out in the basi-occipital, but whose

walls and roof are furnished by the ex-occipital*. The relationship

of these cavities may be gathered from Fig. 15, PI. IV., which repre-

sents a frontal section through the head of a young fish of 3-4 ctm.,

and from the figures on Plate VI. It will be seen that the ex-occipi-

tals also form the lateral wall and roof of each.fovea sacculi, and that

especially the lagena; cochlea; are lodged in these bones.

Figs. 9 and 10, PI. 1, represent the medial and lateral aspects of the

labyrinth. The relative position of the lagena cochlea;, and sacculus,

and of the contained macules acustica;, may be better seen from Fig. 15,

PI. IV. The otoliths which rest on the macula; acusticm of the

recessus utriculi, lagena cochlear, and sacculus respectively, and which

1 Hasse :—Ai.atomische Studien I., 592.
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are designated lapillus, asteriscus and sagitta, are represented X six

diameters in Figs. 18, 17, 16, PI. IY.

As will be seen from, Fig. 11, PI. I., the inferior parts of the

labyrinth of both sides are nearest to each other where the ductus

saccxdo-utriculares open into them. In front and behind that plane

they diverge from each other, but where they are nearest are con-

nected by a short, thin-walled, transverse ductus endolymphaticus,

which sends back a pyriform thin-walled saccus endolymphaticus (sinus

impar) into the cavum sinus imparis; but by no means filling up the

cavum. (Figs. 7 and 8, PL YI.) The horizontal section, Fig. 13, PI.

IY., passes through the ductus. I find no macula acustica in either

ductus or sinus endolymphaticus, such as described by Nusbaum1 and

figured by him2 for Cyprinus. The horizontal series from which Fig.

13 is taken is quite perfect, and although the small maculae acustica;

neglectce are easily enough detected, no trace of any thickened neuro-

epithelium exists in the parts referred to, nor does any branch of the

cochlear nerve reach them.

The mode of branching of the auditory nerve is indicated in Fig.

1 0, PL I. It presents no difference from the scheme propounded by

Retzius. 3 As already mentioned, the anterior division which, imme-

diately after its origin, spreads itself out in a shell-like fashion, arises

somewhat lower from the tuberculum acusticum than the posterior.

It furnishes branches to the macula acustica recessus utriculi, crista

acustica ampulla; sagittalis, and crista acustica ampulla} horizontalis.

The cords of the posterior division may be separated nearly up to

their origin ; of these the most anterior in origin and ventral in

position is destined for the macula acustica sacculi, the next is for

the papilla acustica lagence cochlea?, and the highest and most pos-

terior in origin, as well as the most dorsal in its backward course, is

for the crista acustica ampulla; frontalis. The latter slender cord,

which furnishes a twig to the macula; acustica; neglectm, may be

coalesced with the foregoing for some distance after leaving the

brain. I have not noticed the maculae neglectse in the fresh adult

labyrinth, but they are very plain although of small size on opposite

sides of the basal part of the utriculus in the horizontal series

JZool. Anzeiger IV., 552.

' Relations of the Auditory organ and Air-bladder in the Cyprinoids (Polish) Lemberg, 1883.

T. IV., Fig. 19.

8 Arch. Anat Phys. 1880, p. 240.
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referred to above, and in the preparations from which the figures on

PI. VI. are taken. Fig. 8, PI. I., represents the medial macula

neglecta from one of the horizontal sections.

ON THE RELATIONSHIP BETWEEN THE AIR-BLADDER AND
THE AUDITORY LABYRINTH.

E. H. Weber, in his treatise ' Be aure animalium aquatilium ' first

made known the fact that the Cyprinoids and Siluroids are character-

ized by a remarkable communication between the auditory labyrinth

and the air-bladder, which is effected by a chain of bones named by

him stapes, incus and malleus after analogy with the auditory ossicles

in the mammalia. It was soon ascertained that this chain of bones

represents certain altered constituents of the anterior vertebrae, but

the precise morphology of the parts involved was first ascertained by

Baudelot, 1 and afterwards by Nusbaiim (I. c.) for the Cyprinoids.

Weber's interpretation of the number of vertebra? concerned in

Silurus is even further from the truth than his account of the parts

in Cyprinus, owing to the more intimate coalescence of certain of the

altered vertebras. 2

These it will be convenient to describe in the first place. The sixth

vertebi*a resembles in all respects those which immediately follow it.

It is the first rib-bearing vertebra, the ribs being articulated to the

extremities of the costiferous pedicles or ' Basal-Stiimpfe.' The

vertebrae in front have only structures homodynamous with the basal

pedicles ; they are generally spoken of as transverse processes. In

front of the sixth all the vertebrae are coalesced in the adult. Of

these the fifth is the most independent, especially as regards its neu-

ral arch, and spinous and transverse processes, but its body, which

resembles those in front of it and differs from that of the sixth in

having a deep ventral furrow for the aorta (aortic canal), is completely

fused with that of the fourth. The suture may still be evident on

the outside (Pig. 7, PI. IV.), although generally concealed by mem-

brane bone deposited in connection with the air-bladder here, but

can always be seen on vertical section (Fig. 8, PI. IV.) The second,

third and fourth vertebral centra are completely fused in the adult.

The neural canal over them is a continuous tube of membrane bone,

the ossification of which originates near the rudimentary cartilaginous

1 Comptes Rendus, 1808, p. 330.

3 See my preliminary note on this subject. Zool. Anz. VII., 248.
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neural arches of the third and fourth vertebra in the young. (See the

horizontal section, Fig. 12, PI. IV.) The tube is perforated near its

posterior margin by the roots of the fifth nerve, not far from its

anterior margin by the roots of the fourth, and its anterior margin

has two notches which correspond to the roots of the third nerve.

That part of the tube which intervenes between the third and

fourth nerves represents, therefore, the third neural arch ; that

between the fourth and fifth nerves the fourth neural arch. The

second neural arch, apart from its cartilaginous rudiment, is entirely

membranous in the adult. Immediately behind the point of emer-

gence of the fourth nerve the tube expands into the fourth transverse

process, which forms a broad, flat plate (Fig. 7, PI. IV.), extending

back as far as the fifth transverse process, and forwards to articulate

by its thick anterior margin with the transverse process of the supra-

clavicle. Immediately in front of and below the same point the

modified third transverse process, or ' malleus,' is articulated move-

ably to the line ofjunction of the neural canal and the vertebral cen-

tra. The form of the malleus may be gathered from Fig. 7 ; its

posterior sickle-shaped end, which rests partly on the ventral surface

of the fourth transverse process and on the side of the body of the

fourth vertebra, is really developed in the tunica externa of the air-

bladder, and its junction with the anterior part is only secondary.

Fig. 12, PI. IV. Its anterior part passes forwards and outwards,

lying in a horizontal plane, and its tip projects slightly beyond the

anterior surface of the body of the first vertebra.

The neural tube is continued above into two neural spines. (Fig. 8,

PI. IV.) One of these, which projects upwards and backwards from

over the fourth vertebra, is the fourth neural spine. The other projects

forwards from over the third vertebra, and is continued as a perichond-

drial ossification of the cartilaginous roof of the most anterior part of

the neural canal and articulates in front with the supra- and exoccipi-

tals above the foramen magnum. As the osseous neural canal is defici-

ent over the second vertebra, so its transverse process is obsolete.

The cartilaginous neural arch in the young is, however, quite as dis-

tinct as in the other vertebra?. (See Figs. 12 and 13, PI. IV.) We
shall meet with a further rudiment of the second neural arch shortly.

Like the more posterior vertebrae the fifth is amphiccelous ; the

posterior cone of the fourth is of large size, (Figs 8 and 13, PI. IV.)

while the anterior cone is very small and the intervertebral growth
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of the notochord does not take place between the fourth and third

vertebrae. Nor does it do so between the second and third, because

there is only one notochordal plug between the comparatively flat

posterior face of the first vertebra and the deep conical hollow of the

anterior face of the conjoined second and third vertebra?.

Dorsally the first vertebral centrum is quite free from that which

follows, but ventrally they are suturally united by delicate plates

which dovetail into each other on either side of the aortic canal. Also

the anterior face of the first centrum is comparatively flat, much more

so than the posterior face of the basioccipital bone against which it

abuts. The dorsal surface—that which looks into the neural canal

—

has two sockets, separated by a narrow median partition, (Fig. 3, PI.

VI.) In these, rotate freely, the permanently cartilaginous balls

which represent the proximal parts of the first neural arches, and

which, intact, are the articular processes of the 'stapedes.' It will be

observed from Fig. 12, PI. IV., that more cartilage is present in the

first vertebra than in any of those which succeed it. Fig. 8a represents

the form of the complete stapes. Besides the ' articular' it possesses

two other processes, which are merely ossified in membrane ; these

are the slender, ' ascending ' process which lies in the neural canal

immediately in front of the point of emergence of the second spinal

nerve-roots, and the spoon-shaped ' anterior' process which does not

form part of the wall of the neural canal, being separated from the

spinal cord by a diverticulum of dura mater, the atrium sinus im-

parls, (Figs. 12 and 13, PI. IV., and 4, PI. VI.), to the lateral wall

of which the spoon-shaped process fits closely.

It is obvious that the anterior process of the stapes passes beyond

the anterior face of the vertebra to which it belongs. It rests upon

the exoccipital at the side of the posterior aperture of the cavum

sinus imparts, immediately below the foramen magnum (Fig. 5, PI.

VI.) and its rounded anterior border fits into a notch on the posterior

margin of that bone, which is very distinct in a profile view of this

part of the skull.

Returning to the malleus it will be remembered that its tip also

projects in front of the body of the first vertebra. The internal edge

of the tip will be found to be connected by a stout ligament whose

fibres have a tendinous lustre with the roughened lateral surface of

the spoon-shaped process of the stapes. In the ligament is a small

bone—the incus—irregularly oblong in the adult, but style-shaped in
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the young, which may be connected by a few fibres with that cartil-

aginous patch which represents the proximal part of the second neu-

ral arch (Fig. 12, PL IV.)

From the study of Amiurus alone it would be impossible to say

that the incus bears the same relation to the cartilaginous neural

arch of the second vertebra as the anterior process of the stapes does

to that of the first, but in Catostomus the pi-oximal end of the style-

like incus contains cartilage and projects from the second vertebra,

and in Cyprimes the incus has not onlyarticular and anterior, but also

an ascending process like the stapes of Amiurus.

A fourth ossicle—the 'claustrum
'— assists in forming the wall of

the neural canal between the ascending process of the stapes and the

exoccipital. lb is somewhat triangular in form, and its apex project-

ing downwards and backwards fits into the angle between the ascend-

ing and anterior processes of the stapes. (Fig. 8a, PI. IV.) It is

developed in cartilage, and represents the first pair of intercalary neural

arches which were first pointed out by Gcette in the pike, but which

are present to a greater or less extent in the anterior region of the

vertebral column in most Physostomous forms. Over the second

vertebra in the roof of the neural canal, a considerable amount of car-

tilage persists even in the adult. This does not exhibit any segmen-

tation, or very little trace of such, (Fig. 10, PI. IV.), but probably

belongs, in part, at least, to the system of intercalary neural pieces.

For the relation of the dorsal ends of the claustra in the young, vide

Figs. 9 and 10, PI. IV. According to Baudelot they meet in the

middle line of the roof of the neural canal in Silurus glanis, but this is

never the case in Amiurus. (Fig. 4, PI. VI.) Unlike the thrrd and

fourth vertebra? both the first and second are destitute of transverse

processes, at least they are almost obsolete in the first and quite so in

the second.

The cavum sinus imparis has been referred to above as hollowed

out in the basi-occipital bone, which also furnishes part of its lateral

walls. The ex-occipitals furnish the remainder of the lateral walls and

the osseous roof of the cavum. (Fig. 6, PL VI.) This roof is in-

clined downwards anteriorly, (Fig. 8, PL IV. and Fig. 8, PL VI.) in

such a manner as to narrow the aperture of communication, between

the cavum and the cranial cavity. The aperture suffices, however, to

27
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admit the sinus endolymphaticus from the transverse ductus which

crosses immediately in front of and below the aperture. (Fig. 8,

PL VI.) Neither the cavum nor its osseous roof continue back-

wards as far as the posterior face of the basi-occipital, but the roof

becomes membranous and is continuous with a thickened patch of

dura mater which forms the posterior wall of the cavum, and is

attached to the centre of the exposed upper surface of the basi-

occipital and to the crest separating the sockets on the upper surface

of the body of the first vertebra. (Figs. 3, 4, 5, PL VI.) On either

side of this patch the cavum is continuous by its posterior aperture

with a diverticulum, the atrium sinus imparis, resting on the upper

surface of the exoccipital, bounded medially by the thickened dura

mater and laterally by the spoon-shaped process of the stapes. The lat-

ter rests moveably on a thickened cushion of dura mater, which is at-

tached in front to the notch of the exoccipital referred to above, and is

perforated by the ligament connecting the stapes with the tip of the

malleus. Were it not for the stapes and its ligament the atrium

sinus imparis would be in free communication with the saccus para-

vertebral by the so-called apertura externa atrii. As it is the saccus

has no other aperture of communication with the cranial cavity such

as exists in Cyprinus, 1 and the contained semi-fluid tissue which fills

the saccus and permits the movements of the malleus is therefore not

part of the perilymphatic tissue surrounding the brain, nor is it simi-

lar to the entirely fluid contents of the cavum and atria sinus imparis.

One or two further points may be noted with regard to the neural

canal before investigating further the nature of the movements of the

ossicles.

The white thickened patch of dura mater which bounds the cavum

sinus imparts posteriorly is continued back somewhat further than

the body of the first vertebra, and has important relations to the walls

of the neural canal. From it an oblique stripe ascends in the wall,

parallel to and behind the ascending process of the stapes and reaches

the roof of the neural canal. (Figs. 8 and 8a, PL IV.) Behind it

lie the roots of the third nerve ; the ventral root of the second escapes

in front of it and in the angle behind the ascending and articular pro-

cesses of the stapes, while the dorsal root perforates the stripe above

the tip of the ascending process. That part of the patch which forms

the medial wall of the atrium is further connected in front of the

1 Hasse—loc cit, p. 589.
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ascending process with the claustrum, but the claustrum can hardly

be said to have any relation to the atrium. It lies dorsally to it, but

its thin edge bears no such relation to the roof of the atrium as the

claustrum does in Cyprinus1
, nor can it have any influence on the

shape of the atrial cavity. The patch is further connected with the

thickened cushion of dura mater which partly closes the apertura ex-

terna atrii. The cushion is somewhat horseshoe-shaped, the convex-

ity fitting into the notch of the exoccipital before referred to, while

•the ligament of the stapes fills up the concavity. Of the two arms

the lower is connected with the patch of dura mater, the upper be-

hind the claustrum with the oblique-stripe referred to above, which

possibly represents the ascending process of the incus.

THE AIR-BLADDER OF AMIURUS,

When exposed in situ is found to be covered by peritoneum which is

reflected on to the oesophagus by the air-duct. Outwardly it appears

to be oval in form and undivided. It is formed of a thick tunica

externa and a delicate tunica interna which contains very few vessels.

If the external tunic be cut into, the internal tunic may be removed

readily without its collapsing. It differs at first sight from the outer

in form, for its anterior third is impair, while its posterior end is

formed of two separate sacs opening into the anterior one. A nearer

examination of the external tunic shows that it is also divided pos-

teriorly by a median vertical partition forming two chambers in

which the sacs of the internal tunic are received. Immediately in

front of the ventral end of the partition is the orifice of the air-

duct which thus opens into the anterior chamber. The partition

does not terminate by a sharp edge, but splits as it were into two
flattened bands which are attached dorsally to the vertebral column,

and slant downwards and forwards as they grow wider to become

continuous with the ventral surface of the air-bladder. They narrow

the apertures of communication between the posterior and anterior

parts of the air-bladder, and simultaneously form two small ventral

culs-de-sac from the posterior chamber on either side of the median

partition. Except for these bands the posterior part of the bladder

is entirely free from the vertebral column ; it is only in the anterior

division that we have to look for certain connections with the osseous

1 Hasw—loc cit, 591.
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structures lying above it. The lines of attachment may be under-

stood from Fig. 7.

It is necessary to look more closely at the connections of the

malleus. As observed above it articulates in an oblique groove on-

the side of the third vertebra. Outside this point its upper surface

is connected by ligament with the ventral face of the fourth trans-

verse process, and its postero-external angle here passes into the-

crescentic ossification (co), which may be described as the posterior

sickle-shaped part of the malleus, although it is not developed as a

part of the third transverse process. It is in fact an ossification ins

the tunica externa of the air-bladder, and only secondarily becomes

connected with the third transverse process. A sharp ridge separates

these anterior and posterior parts of the malleus. The dorsal and

lateral limb of the crescent rests on the ventral face of the fourth

transverse process, while its ventral and medial limb rests on a

oroove on the sides of the body of the fourth vertebra.

In the concavity of the crescent, and connected with it in the

recent state by fibres of tendinous lustre, is the thickened knob-like

end of an oblique ossification (o.o) which is free from the body of

the vertebra, but becomes coalesced as it runs backwards and out-

wards with the posterior part of the ventral face of the fourth

transverse process. Between the body of the vertebra and this

oblique ossification is a triangular space in which lies the vena cava

inferior. The course of this vessel is ventral to the origin of the

third and fourth transverse processes, but dorsal to both the oblique

and crescentic ossifications, the intervening space being larger on the

right than on the left side to accommodate the larger vessel.

Across the posterior part of the triangular space described the

upper end of the fiat band is attached. All the dorsal median wall

of the anterior chamber is likewise firmly bound down to the sides

of the bodies of the fourth and fifth vertebrae, and especially to the

sharp ridges bounding the aortic canal. Further forwar s also, the

dorsal wall is attached to the sharp ridge separating the third and

fourth vertebrae by strong fibres to the knob of the oblique ossifica-

tion, and to the ventral edge of the thickened anterior part of the

fourth transverse process.

The fibres of the unattached parts of the anterior chamber chiefly

converge (1 ) from the anterior wall to the crest separating the anterior

and posterior parts of the malleus, and (2) from the rest of the
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chamber to the convex margin of the posterior part, leaving, how-

ever, the medial end free. These are the points with which fibres

are left in connection if the air-bladder be removed forcibly from the

vertebral column.

It is easy to demonstrate that if the fibres of the air-bladder

attached to the sickle-shaped part of the malleus be put on the

stretch, it (the posterior part of the malleus) is pulled outwards and

downwards from the vertebral column, the ligament between it and

the knob serving as a hinge. Simultaneously, however, owing to

the form of the articulation with the third vertebra, the anterior

end, and consequently the spoon-shaped process of the stapes move

inwards, the cavity of the atrium sinus imparls is diminished, and

the contained fluid urged onwards. As the result of more fluid

being forced into the cavum sinus imparls, the saceus endolymphatlcus

which floats freely in it must be compressed, and a current of

endolymph urged forwards which must impinge very directly on the

(macula acustica sacculi of each side. (Fig. 8, PL VI.) The position

of these maculce with relation to the saceus and ductus endolym-

phatlcus would appear to render unnecessary the special maculae

described by Nusbaum in Cyprinus. In any case altered tension in

the anterior part of the air-bladder will be brought within range of

perception by the auditory nerve.

Hasse has suggested (loc. cit. p. 596) that in Cyprinus such

altered tensions will directly affect the spinal cord, the semi-fluid

tissue surrounding it undergoing compression through the medial

wall of the atrium and the claustrum. A glance at Fig. 4 will

show that this is hardly likely to be the case in Amturus, for the

medial wall of the atrium is formed of somewhat dense tissue, and

the claustrum can be affected very little by the movements of the

stapes. It is certain, however, in Amlurus that when the fluid in the

<cavicm sinus Imparls is urged forwards, that in the spinal canal is

propelled in the same direction. The reason for this is to be sought

for in another diverticulum of the cavum which lies above the spinal

cord, and communicates with the atria at their points of entrance

into the cavum. (Fig. 5, PI. VI.) From this point the sac is con-

tinued some little distance forwards through the foi-amen magnum
into the adipose tissue above the medulla oblongata. It terminates

there in two lobes, the division into which is indicated in Fig. 6,

-and is filled with the same fluid contents as the cavum and atria.
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Whether the sac, receptaculum dorsale (rsi), acts as a reservoir .for

this fluid or serves to receive any excess driven out of the atria, I am

unable to say, but its distension is not likely to produce any imme-

diate effect on the spinal cord, separated as it is from it by the thick

cushion of loose adipose tissue which would entirely redistribute any

pressure. That the forward movement of the fluid in the cavum

sinus imparts should have any direct effect on the base of brain, as

suggested also by Hasse, is, I conceive, improbable, owing to the

thick cushion of adipose tissue which separates the brain from the

floor of the skull. (Fig- 9, PL VI.) I am inclined to believe,

then, that it is solely through the auditory nerve, and specially through

its saccular branches, that the central nervous system is informed of

the movements of malleus and stapes, and consequently of the state

of distension of the air-bladder.

It is probable that the currents in the endolymph produced in this

way are different in character from those brought about by ordinary

sound waves, but on the other hand the difference is not likely to be

of such moment as to remove the phenomena in question entirely

from the domain of sound.

Whether the air-bladder and apparatus in connection with it are

also sensitive to the alternations of pressure incident to sound waves,

and whether this be not one of the principal channels through which

the endolymph of the partes infertores of the labyrinth is set in

motion, must be a matter for further investigation. No very free

interchange of endolymph can take place between the superior and

inferior parts of the labyrinth, for the ductus sacculo-utricularis is

thick walled and its narrow lumen is blocked up by a valve project-

ing obliquely across it. Although the endolymph, then, in the

superior part may be very readily set in motion by the vibrations

transmitted through the thin wall of the skull opposite the recessus

utriculi, yet the inferior part must be in a great measure protected

from such by its concealed position.

Hasse (I.e. 599) while not entirely excluding the possibility of

alterations in volume of the air-bladder exerting an influence on the

production of auditory sensation, adduces several arguments for

believing that such must be of very subordinate nature in the

Cyprinida. The first of these is that the direction of the stroke

of the stapes not being coincident with the plane of the apertura

posterior of the cavum, the fluid contents of the atrium will not be
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urged into the cavum with full force. Secondly, the fluid is imbedded

in reticular tissue ; and thirdly, any impulse communicated to the

transverse ductus will be deadened by the close apposition of the

saccular nerves. But in Amiurus the fluid in the atria and camim

is not imbedded in the meshes of the reticular tissue, the wall of

the saccus endolymphaticus is so thin that any motion in the sur-

rounding fluid must disturb its contents, and the currents so pro-

duced must certainly affect the neuroepithelium as much if not far

more than the currents produced by ordinary sound waves. I should

be inclined to look upon the dorsal reservoir which I have described

above rather as a safety-valve to prevent too great a disturbance of

the neuroepithelium by the violence of currents produced by sudden

expansions of the air-bladder.

It is interesting to consider, in the light of Moreau's researches1

,

what advantage it is to the fish to be provided with an apparatus

which records the varying states of distension of the air-bladder de-

pendent on the greater or less weight of the superincumbent column

of water. The chief function of the air-bladder, according to Moreau,

is to enable its possessor to alter its specific gravity so as to be in

equilibrium in one particular plane where it may remain with little

or no muscular effort, but from which it can only displace itself ver-

tically upwards or downwards by muscular effort.

In Physoclystous fishes (those with no air-duct), this complete ac-

commodation to a new level takes place slowly, for the volume of air

in the air-bladder is not altered by muscular contraction but is re-

duced in amount through absorption and increased in amount through

excretion by the walls of the bladder, the retia mirabilia there

being probably the organs engaged in this physiological process. In

Physostomous fishes, on the other hand, accommodation to a new
higher level is more quickly effected by the ejection of bubbles of air

through the air duct, while the additional amount of air necessary to

produce equilibrium under increased pressure is slowly formed by the

walls of the air-bladder. The Physostoiai are therefore possessed of

greater freedom of movement than the Physoclysti under artificially

diminished pressure or at a higher level than that in which they were

1 Recherehes experimentaies sur les fouctious de la vessie natatoire.

Ann. des Soi. Nat. T. 4, 1876.

It would be extremely interesting to examine the morphological nature of the ' safety- valve '

described by Moreau in Caraa.o traahums.
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in equilibrium, and the recording apparatus connecting the air-bladder

with the auditory organ, when present, probably enables them to meas-

ure the precise amount of air, which must be disengaged in order to

restore equilibrium at a new higher level. The mode in which air is

discharged in Amiurus is not known to me, but the duct, tortuous

where it opens into the oesophagus, must be much straighter when

the ventral wall of the anterior part of the air-bladder is distended

than when such is not the case. Further investigation must show

whether the duct participates actively in disengaging the air-bubbles,

and if so, under control of what nerve it does so.

The whole physiology of audition in the Teleosts is so obscure that

it is worth while i*eopening the question of the possible role of the

air-bladder and its accessory ossicles in connection therewith. Amiurus

would be admirably adapted for physiological experiment, for it is

very readily kept in captivity, and has extraordinary vitality. If

the above descriptions serve as an accurate morphological basis for

such experiments part of my object will be fulfilled.

In my note on this subject in the Zoologischer Anzeiger cited above,

I have remarked that the parts concerned in Amiurus indicate a much

further specialization of the condition in the Cyprinoids. I propose,

in a future paper, to investigate the alterations which the anterior

vertebrse have undergone in other sub-families of Siluroids, for the

researches of Reissner (Midler's Archiv, 1868), and those of Mtiller

himself, (same journal, 1842) indicate that these must depart very

widely from the condition found in Amiurus.

It is among the Cyprinoids, nevertheless, that a less altered and

more primitive condition of affairs must be sought, and it is possible

that an extension of research, anatomical and developmental, may

explain the steps by which parts of the anterior vertebrse became

mollified in connection with the air-bladder.
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ALIMENTARY CANAL, LIVER, PANCREAS,
AND AIR-BLADDER OF AMIURUS CATUS.

BY A. B. MACALLUM, B.A.
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THE ALIMENTARY CANAL.
COARSE ANATOMY.

The cavity of the mouth is very capacious. Its entrance is guarded

"by plates of teeth situated on the maxillaries above and on the

mandibles below. These are the only regions of the mouth where

teeth are found. In front of them above and below along the

margin of the mouth portions of skin, frequently pale or discolored,

are transitional between the outer skin and the membrane of the

mouth, and function as lips.

Behind the pads of teeth and running concentrically with them

are folds, one above and one below, arising from a relaxation of the

lining membrane ; that behind the maxillae is largest, but both may
be absent. In one specimen of Amiurus nigricans, the fold reached

downward and backward into the cavity of the mouth fully one-half

inch.

The lining membrane of the mouth is generally colorless. That

•of the sunken palate may have a dark color. When hardened the

membrane shows minute blotches on a white ground, caused by

beaker organs (taste-buds ]) and the vascular papilla? of the subjacent

tissue.

The ' tongue ' is most distinctly observable when the hyoid bone

is pushed up by the finger from below, and is then an oblong flat-

tened elevation. A ridge or rather a row of papillae runs medially

over its surface backward into the pharynx. This is the seat of

numerous beaker organs, especially in the young cat-fish.

The palate is sunk from the maxilla? and is divided into two
shallow depressions by the parasphenoid.

The surface of the pharyngeal floor anteriorly inclines on each

side somewhat towai-d the base of the srill arches.
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In the immediate neighbourhood of the epipharyngeal bones, the

membrane becomes much thickened and thrown into folds, for the

most part longitudinal. The thickness of the membrane here is due

to the accumulation of striated muscidar fibres, which at the com-

mencement of the oesophagus forms a species of sphincter muscle.

The passage of the pharynx into the oesophagus is of a funnel

form, its base being some distance posterior to the epipharyngeal

teeth-pads. The folds give an appearance of ribbing to the funnel,

this being seen most distinctly when the jaws are widely separated,

The superior teeth-pads, one on each side of the middle line, are

of round or oval shape, and situated on the epipharyngeal bones.

The membrane surrounding and covering the pads is thin, sensitive,

and contractile.

The hypopharyngeal pads are rhomboidal on surface view and are

placed opposite the epipharyngeals, with their long axis directed out-

ward and backward.

Both sets of structures are extremely sensitive. When the

epipharyngeal pads are touched, the membrane shrinks, the pads are

thrust down, and at the same time those of the floor are elevated in

opposition. This is for the purpose of comminuting the food as it

passes into the oesophagus, mere contact of food or other matter

serving to bring the pads into action.

The lining membrane of the straight oesophagus is longitudinally

folded, and is perfectly colorless in the fresh condition. Its muscular

walls are thick. Near its posterior end the oesophagus receives the

opening of the duct of the air-bladder.

The folds which anteriorly are longitudinal, become arranged in

the stomach in every direction and disappear when it has been dis-

tended by, and hardened in, chromic acid and alcohol. The openings

of its glands are scarcely observable with the naked eye.

The stomach of Amlurus belongs to the coecal type, the coecum,

however, not being distinctly marked off as such. It possesses with

the cardia the same axis longitudinally placed, and is short blunt-

cone like. Its ruyce are like those of the cardia, and both portions

are tinged chocolate-red when the stomach is in the digesting state.

The pylorus, which is of smaller- diameter, starts from the left side

of the junction of the cardia and coecum and extends forward beside

the former to near its anterior termination, where a circular con-

striction visible on the outer surface of the pylorus denotes its
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termination and the commencement of the midgut. This constric-

tion gives rise on its inner surface to a low pyloric valve.

The lining membrane of the pylorus is pale in contrast to the

color of the cardia and coecum. Its folds are at first low and broad,

but approaching the valve they become higher and thinner, and are

arranged longitudinally.

The midgut passes forward beside the oesophagus until it reaches

above the posterior lobes of the liver, at .which point it takes a sharp

turn to the right under the oesophagus. In this transverse portion

it receives the pancreatic and bile ducts, after which it turns back-

ward to run on the right of, and on a level with, the stomach.

Behind, it is thrown into loops of greater or less magnitude, which

rarely touch one another, and may number from eight to twelve.

The part of the midgut in the neighbourhood of the stomach is pro-

vided with slightly thicker muscular walls than the posterior half.

The outer serous coating is unpigmented. The longitudinal folds

on the inner surf ice are thick and high, but their continuity is not

distinctly marked, owing to slight transverse furrows, which give to

a fold the appearance of a series of low villi.

The lumen of the midgut is separated from that of the endgut or

rectum by a circular valve which is of little height in the relaxed

specimen, but when distended by chromic acid and alcohol, and thus

hardened, it is broad, thin and semi-membranous, leaving a lumen of

small diameter in the centre. The folds of the midgut in the neigh-

bourhood are distinctly longitudinal and pass over into those of the

midgut. Its course is quite straight but for the slight downward

curve to terminate in the vent.

The body cavity and the pericardial chamber are separated by a par-

tition formed of the partially apposited pericardial and peritoneal mem-
branes which contain between them a quantity of aponeurotic fibres.

This aponeurotic wall, as it is called, is perforated by the oesophagus

and the hepatic veins, and over these latter the peritoneal membi-ane

is continued to join that covering the liver forming a support for

that organ. From the aponeurotic wall the mesentery spreads out

on each side, above and backward, enclosing the duct of the air-

bladder between its folds. Below the oesophagus the membrane runs

out over the liver to form its serous coat. This fold also passes

down over the stomach on the commencement of the midgut when,

it embraces the gall-bladder, the bile and pancreatic ducts.
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From the coecum a fold of the left portion of the mesentery passes

to the larger loops of the midgut.

The air-bladder is covered by a peritoneal plate arising from the

lateral walls of the body cavity and meeting in the middle line. To

the walls of the air-bladder it is less closely applied than elsewhere.

Larce pellets of fat are distributed in the mesentery, most

frequently in the fold connecting the coecum and midgut.

The mesentery is not always continuous, there frequently appear-

ing in it large, clear spaces, the positions of which are, however,

irregular.

The following table of measurements of the intestinal tract, in-

cludes those of one specimen of A. catus and two of A. nigricans.

The length of the body, as here given, is from the termination of

the snout to the base of the caudal fin. It will be seen from

examination that the lengths of the same parts in the three are not

relatively proportional. For instance, in A. catus the length of the

midgut is 1*25 times that of the body, while in the smaller specimen

of A. nigricans it is 1-14, and in the larger T8. In the numerous

measurements that I have made of the intestinal tract of cat-fishes

of various sizes, it was observed that with the increase in body

length there is more than a corresponding increase in the various

parts, and especially so in the midgut. The whole intestine also

from the commencement of the oesophagus to the vent varies from

15 to 2-3 times the length of the body.
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FINE ANATOMY.
MOUTH AND PHARYNX.

The mucous membranes of the mouth and pharynx are exceedingly

.similar in structure, so that the following description applies justly
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to any portion of both cavities, not excepting the inner surfaces of

the gill arches.

It falls very distinctly into two coats, of. which the outer is the

epithelial and the deeper corresponds in position to the dermis. The

latter is formed of connective tissue fibres, elastic fibres, and nerve

strands, the latter apparently very numerous imbedded in this coat

are a large number of capillaries. Pigment cells are found at the

boundary of the two coats. The lower is at no point marked off from'

the subjacent stratum which is formed largely of areolar connective

tissue ; above it gives off both vascular and sensory papillae, which

rise into pockets of the epithelial coat. The vascular papillae are rare,

the great majority of the papillae form the base on which the beaker

organs are situated. These have been already described in the paper

treating of the skin. The vascular papillae are provided with several

finely branching capillaries which ascend to their summit.

Below the base of the beaker organs there is a rich deposit of

nerve cells easy to be observed, through the deep staining of their

nuclei with Bismarck brown. The nerve fibrils are at this point

also observable and can be followed into the epithelial coat. Forked

pigment cells abound in the summit of the papillae and elsewhere

along the boundary may form a one-celled layer.

Most frequently one beaker organ only is to be found on the sum-

mit of each papilla, but three to five may occur. The epithelial coat

is clearly marked off from the deeper by columnar cells at its base.

In itself there is a marked division into regions corresponding in

position but not in consistency to those of the skin of higher verte-

brates, denominated horny and mucous layers. Here they pass im-

perceptibly into one another.

The superficial layer is formed of cells, generally triangular, each

provided with a nucleus and a thickened peripheral wall. (Fig. 1),

They are succeeded below by somewhat horizontally flattened cells

whose nuclei also bear the appearance of being slightly flattened, and

are surrounded by but little protoplasm. There are several layers of

this description. They pass gradually below into cells which are at

first cubical, thin columnar, their long axis directed perpendicular to

the surface. While the flattened cells show but little protoplasm,

these have much and it is finely granular. The columnar shape is

not a perfect one, being variously angled until the base of the super-
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ficial stratum is reached, where they are much more elongated than

elsewhere, and hei*e they evidence the possession of a cell membrane.

At the lower half of the layers formed of columnar cells, are

structures which when viewed carelessly appear as nuclei of the cells.

Yet they are everywhere quite distinct from these in that they are

smaller and they take on a deeper staining in Bismarck brown. Pro-

fuse in the lower columnar layers, they are sparsely distributed

towards the layers formed of cubical or flattened cells. They are

about the size of the nucleoli of the surrounding cells. Each, how-

ever, contains a nucleolar body and is provided with a short, delicate

process directed towards the deeper stratum. As they stain more

deeply than the nuclei and nucleoli of the surrounding cells, I must

regard them as separate structures. They are most favorably seen

in the lips. They may be regarded as the terminal free nerve end-

ings to the fibrils which come from the deeper coat below.

Besides the structures described, there are in the epithelial layer

two others which merit special description. The first of these is the

1 slime cell.' It is present in all portions of the epithelial stratum,

and in accordance with this distribution it presents various shapes.

On the surface it is of flask shape, the long neck of which is thrust

out between the cuticular cells. (Fig. 1). The body of the flask

is rounded and rests on the layers of flattened cells. The contents

of the flask project beyond the superficial border in the form of a

plug. No separation can be seen in ordinary preparations between

its mucigenous and its protoplasmic portions. Such can only be

observed in osmic acid specimens. The rounded body is not con-

tinued downwards into fine processes, as is usual in beaker cells.

The nucleus is seen with the aid of osmic acid, and is usually sur-

rounded by a clearly defined protoplasmic stroma or reticulation,

which stains vividly in Bismarck brown or hematoxylon. The reticu-

lation is observable even in the neck of the cell.

Three, most frequently four, cuticular cells separate two neigh-

bouring slime cells.

They take an intense brown color in B ;smarck brown and a

deep purple color in Kleinenberg's hematoxylon, even when the sur-

rounding cells are little acted on. They are of oval shape in the

deeper epithelial layers and their long axis is generally perpendicular

to the surface. They are placed sometimes horizontally in the layers

formed of flattened epithelium. Their reticulation is wider meshed,
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and permits a view of the large oval nucleus placed in the centre of

the cell. In the lower columnar layers they are of smaller size

becoming more so towards the base, where one can easily observe

their differentiation from the surrounding cells. The reticulation is

at first fine and delicate, but becomes coarser and more marked as

the cell increases in size and thrust upward.

These cells have been described in other fishes under the name of

beaker cells. I have prefered to use the term ' slime cells,' some-

times employed in referring to them. They do not conduct them-

selves towards reagents or staining fluids in the same manner as

beaker cells, from which they differ in shape. In no portion of the

alimentary tract does the beaker cell show a reticulation in its

mucigenous portion, nor does it stain generally with Bismarck brown

or hematoxylon any more deeply than do the surrounding cells.

The beaker cell again, it is quite probable, is simply a degradation

of the ordinary surface cylinder cell, while the slime cells show a

gradual growth and differentiation from those of the deeper epithelial

layers. The beaker cells and the slime cells must be regarded as

two distinct kinds of cells producing secretions, which probably are

chemically different.

The other kind of cells referred to as present in the epithelial

layers of the membrane is known under the names of slime cells,

club or clavate cells. They are found in the outer skin also more

highly developed, and of a slightly larger size than in the membrane

of the mouth.

These clavate cells are confined to the deeper epithelial layers

touching with their rounded heads the layers of flattened epithelium.

They are shaped exactly like a club, the larger ends rather blunt,

while the neck or handle tapers away into a fine thread-like continua-

tion, which I have traced to the base of the epithelial stratum.

(Fig. 1). The structure is provided with a distinct wall, and con-

tains in it two materially different fluid substances. That filling the

greater part of the head is strongly light refracting and contains,

situated toward the base of the cell, one or more rounded or oval

bodies provided with radiating strands which have been termed the

nuclei. They may sometimes be found in the fluid which fills the

neck of the cells, and are provided with nucleoli. These nuclear

bodies stain slightly in Bismarck brown, much more so than the sub-

stance of the neck which lines the walls of the head for some dis-
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tance, thus serving as a cap for the clear glassy portion. This

substance takes a dirty brown stain in hematoxylon. So much is

to be learned from specimens hardened in alcohol alone.

When these cells are obtained by maceration in Midler's fluid, or

in a solution of- potassic bichromate preferably, they show some in-

teresting points, in addition to what has been given. The light

refracting substance is less in quantity, the strands come out more

clearly, and the substance filling the neck and serving as a cap to

the clear glassy substance is very finely granular. This latter was

observed in some cases to enclose the nuclear bodies and the clear

glassy substance in the form of a capsule. The nuclear bodies may be

one for each clavate cell, but varies, there being often three or four,

and I have observed in one case six. Two in each cell is a common

occurrence, and then they are placed to one another in such a manner

as to lead casually to the belief that they were just previously

formed from a single one by division. The cell wall often appears

shrunken, probably owing to the action of the reagent employed.

A great deal of attention has been given to these cells. Kblliker1

first described them in the Lamprey under the name of slime cells.

Max Schultze2 observed a transverse striation on the neck of the

cell, which conducted itself as far as regards polarization the same as

striated muscular fibre. He also observed longitudinal striae which

united at the blunt end in concentric lines. According to his

view, they are probably end organs of a neuro-muscular nature. F.

E. Schulze3 also describes the striation of these forms in the eel,,

and found globules, apparently composed of fat, in the centres of

several cells. No cell membrane was observed by him, and in many

cases he found an opening at the head of the cells. His view is that

they are comparable to the cells of the sebaceous glands of higher

vertebrates.

My own observations are not confirmatory of the striation de-

scribed by Max Schultze and F. E. Schulze. There are to be found

neither openings in the cellular walls nor fat globules. In one or

two cases I have observed a portion of the clear glassy material situ-

ated on the outside of the cap, and separated from the surrounding

fluid on the field of the microscope by a clear line which was continu-

1 Verhandl. der Physik. Medic. Gesellschaft in Wiirzburg, Bd. VII. and VIII.

2 Arch, flir Anat. und Physiol. 1861, pp. 228 and 281.

'Arch, fur Mikr. Anat. Bd. III., 1867.
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ous with that bounding the remainder of the cell ; this was clear

enough evidence of the possession of a cell-membrane. Again, seve-

ral other forms or variations of structure were observed in a few

cases, and these I am in doubt whether to classify as normal or patho-

logical. They were obtained by maceration in Midler's fluid, and in

them the finely granular material of the neck and cap of the cell was

aggregated into clumps, with clear spaces between them ; in the cen-

tre of each of these clumps a round body, much smaller than the

nuclear body proper, was observed. The nuclear bodies themselves

retained their usual appearance. Sometimes an optical section of the

cell instead of showing clumps yet revealed their round central bodies

as regularly disposed as those of the clumps.

Whether these structures are secretory or nervous in function it is

impossible to say. From the constant presence of the clear glassy

fluid, and its disposition at the head of the cell, one would be in-

clined to the former view.

As already mentioned, the description of the mucous membrane of

the mouth applies equally to that of the pharynx. The slime cells,

however, increase in number, and just behind the teeth-pads they

become aggregated together into patches, one above and one below.

At the commencement of the oesophagus they dwindle away, and
before the posterior moiety of the oesophagus is reached have com-

pletely vanished.

The clavate cells are distributed equally throughout mouth and

pharynx.

A tranverse set of striated muscle fibres connect the two hypo-

pharyngeal bones. Behind them it gradually surrounds the pharynx,

and immediately before the oesophagus is reached it forms a thick

muscular layer. At this point is the origin of the muscle fibres

forming the inner longitudinal layer of the oesophagus.

OESOPHAGUS.

The low epithelium of the pharynx passes into that of the oesopha-

gus, with a gradual increase in the height of the constituent cells.

The muscularis mucosce is represented by but a few fibres, while

the submucosa is thin and shows no distinction from the tissue

sheathing the longitudinal muscle bundles. These latter are widely

separated and coarsely grouped, and, although first appearing an-
28
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teriorly at the commencement of the foregut, yet they may take ori-

gin anywhere at the base of the submucosa.

The outer circular layer is also composed of striated fibres, very

coarsely arranged, more so towards the serous coating. The connec-

tive tissue sheathing, which separates the longitudinal muscle

bundles from each other also widely separates them from the outer

.circular muscle coat.

When the inner surface of the oesophagus ,is folded a small quan-

tity of the submucosa enters into the summits of the folds whose cen-

tral cavities are filled by the fibres of the muscularis mucosae and by

the blood capillaries which pierce the muscularis and delicately branch

just under the epithelium.

The epithelium of the oesophagus is several layered, that is, between

the base of the superficial cells are one or two series of cells destined

to replace the cast-off superficial ones. The cells constituting the

epithelium are long, slender and cylindrical, interspersed among

which are a number of beaker cells. The protoplasm of the cylinder

cells is granular in the upper half of the cell, to which there is a dis-

tinct peripheral wall. The tapering continuations of these can be

traced between the younger cylinder cells into the fibrous tissue rest-

ing on the muscularis mucosse. Their nuclei are oval and are situ-

ated near the basal process of the cell.

The beaker cells show a size attained nowhere else in the intesti-

nal tract. The theca of the cell is much inflated and filled with a

mucigenous fluid, in which are scattered faintly refracting bodies.

The protoplasm of the cell is found in the basal process surrounding

the oval nucleus, which possesses a reticulation, frequently strongly

marked. The protoplasm also passes up the sides of the theca for a

short distance, in the form of a cap for the mucigenous portion, both

portions being quite distinct after maceration. The opening may be

as wide as the diameter of the theca, or it may be as narrow as a

transverse measurement of the cylinder cell.

Studied in fresh condition cylinder cells show every stage of degra-

dation into beaker cells. The first stage is evinced by the loss of the

peripheral wall, followed by a swelling up and transformation of the

contents near that end of the cylinder.

STOMACH.

At the junction of the oesophagus and stomach the mucous mem-

brane becomes more broadly plicated, the folds being irregularly
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directed over the cardia and ccecum. The opening of the glands on

the surface of the membrane can scarcely be detected with the naked

eye.

The inner longitudinal layer of muscle fibres of the oesophagus

vanishes, its place being taken by the more abundant submucosa.

The outer oesophageal layer of circular fibres becomes the inner circu-

lar layer of the stomach, in the anterior portion of which is still

found a certain amount of striated fibres. At the same point an

outer longitudinal layer of smooth muscle takes its origin.

Oblique muscular layers are almost totally absent, such as are pre-

sent being modifications of the two other layers.

The muscularis mucosae, acquires quite a thickness. In it smooth

fibres alone are present, and a more abundant mucous tissue separ-

ates it from the epithelium.

Two portions may be distinguished in the stomach, the pepsin-

secreting region (including the cardia and coecum) and the pylorus.

The two portions can be observed as distinct by the naked eye, the

former being always more or less flushed while the latter is uniformly

pale or discolored.

The superficial epithelium of the anterior section does not differ

from that of the posterior or pylorus. In both it consists of delicate

cylinders, not quite as long on the average as those of the oesophagus,

difficult to isolate to their fullest extent, as their basal processes run

into and are interwoven with the fibrous tissue of the mucosa. In the

first state their contents are similar throughout and finely granuled.

The nucleus is large, oval and situated near the inner third of the cell.

The contents of each cell project beyond the general surface with a

faintly arched refracting border, which, at first view, may be taken

for a membrane for that portion of the cell ; it is destroyed by the

action of water after some minutes or by the immediate action of

Midler's fluid.

F. E. Schulze1 who first described fully and carefully the superficial

epithelium of the stomach, denied the presence of a peripheral wall

for these cells, and stated their function to be that of secreting mucous

to cover the surface, which should thus be protected from injury by

the digesting fluid. Haidenhain2 describes these cells as perfectly

closed on their peripheral border, and states that the apparent opening

i ArchiY flir Mikr. Anat., Bd. III.

2 Archiv fur Mikr. Anat. Bd. VI.
,
page 372.
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of the cell on its free surface is due to the reagents employed. Ebstein1
'

found both closed and open cells, the latter form arising from the first

through the transformation of their contents into mucous. Bieder-

mann2 found the cells always open and the mouth of each containing

a plug which is chemically and morphologically different from the

remainder of the cell. The stopper shows a longitudinal striation.

Eeg^czy 3 regarded these cells as ciliated., having found cilia on them

in the frog and in some fishes, frequently on a portion of the peri-

pheral membrane. In some cases the cilia were cemented in on©

mass at the end of the cell, and in others, again, he observed the

absence of these cilia apparently through their withdrawal into the-

cell. They are very easily destroyed by chemical reagents, which

cause also a swelling up of the contents of the cell.

The many different views of the structure of these cells are no

doubt due to observing epithelium prepared in a manner which

changes more or less its normal appearance. Alcohol, Midler's fluid,

solutions of potassic bichromate, and ammonia bichromate, cause a

swelling up and an emptying of the contents of the cell in its outer

third. When examined in the fresh state all cells have the arched,

glancing border, apparently due to the meeting of two fluids of dif-

ferent consistency. The contents are similar throughout the cell,,

and finely granuled. Owing to the action of the reagents mentioned

the outer two-thirds of the cell becomes clear and glassy, and the

arched border is absent. When a specimen is hardened in osmic

acid, on the other hand, the arched border is preserved, the outer

third of the cell contents is somewhat more coarsely granuled, and

more darkly stained than the remainder, the. latter effect not by any

means due to the greater ease with which the acid attains to that

portion of the cell. Rarely did the use of this reagent betray the

absence of the arched border or the apparent presence of a peripheral

cell-wall. At the same time the division of its contents into muci-

gen and protoplasm not coinciding with that shown by other reagents

was a constant one throughout. A structure closing the mouth of

the cell and answering to Biedermann's ' plug,' has never been,

observed by me in the stomachs of the many fishes which I have

studied.

i Archiv fur Mikr. Anat. Bd. VI., page 519.

2 Wiener Akad. Sitzungberichte LXX., Bd. III., s. 377.

a Archiv fur Mikr. Anat. Bd. XVIII., page 408.
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The cell is long and slender, passing down into a smooth, delicate

process, imbedded in the tissue of the mucosa. In transverse sec-

tion, it is irregularly six-sided, the membrane of which, if there is

one, is approximated to those of the neighbouring cells in such a

manner as to surrender its appearance of being a structure inde-

pendent of the substance cementing the cells together, which

cementing substance Edinger1 indeed believes it to be. Maceration

by various methods, however, produces isolated cells provided with

a distinct membrane at every point, except at the peripheral end.

In the crypts into which the peptic glands open, these cells are

slightly shorter and broader, the mucigenous portion being more

distinctly marked in osmic acid specimens. In these crypts, and

especially towards the pyloris, there is another variety of cells, few

in number it is true, but quite distinct from the previously described

cell. They are slightly swollen in their outer halves, their basal

processes are short, and the whole cell is not acted on by osmic acid,

but remains clear and distinct while the surrounding cells are very

much darkened. These cells are grouped in twos and threes, here

and there.

Peptic glands are absent only in the pylorus. From four to ten,

or more, may open in one crypt of the membrane lined by cylinder

cells. Several glands may open by one common neck into the crypt,

but branching never occurs below the neck in the body or base of

the gland. Each consists of three portions, a neck, by which it is

attached to the surface crypt, a body, and a base. In all three parts

the cells differ considerably in shape and structure, but pass into one

another generally. Those of the neck form the ' Schaltstiicken ' of

Rollet, and are transitional between those of the crypt and those of

the body of the gland. They are subcubical in shape, and finely

granular in contents, like cylinder cells or those of the crypt.

Although the transverse diameter of the gland is narrowest at this

point, yet the lumen is quite distinct. The cells of the body of the

gland are cubical or rhomboidal in longitudinal section of the gland,

and are provided at their inner lower edges with a process which

overlaps tile-fashion the cell next below. The nucleus is large, oval,

and situated in the inner half of each cell, while large coarse granules

abound in all parts, but principally in the outer half. These granules

i Arrtiiv fur Mikr. Anat. Bd. XIV.
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take a brownish-black tinge in osmic acid, by which also the nucleus

is rendered indistinct.

The cells in the base of the gland are nearly oval, not provided

with a process, coarsely granuled, and the large nucleus situated in,

the centre of the cell. The granules are to be found equally in all

parts of the cell, which, on the whole, takes a slightly darker

stain than those of the body of the gland, which are never found to

bulge outside the general limit. The former when not in a resting

state give an irregular appearance to the base. This was best seen

in young specimens of cat-fish which are always feeding. Macerat-

ing the mucous membrane of such specimens in Ranvier's alcohol,

Miiller's fluid or in a mixture of the latter and serum, appearances,

such as Fig. 5 gives, were obtained. There the cells of the body of

the gland are rhomboidal in outline and form a pi-etty regular inner

border. Those at the base, however, cause a bulging out of the

membrane, some being situated in wedge-shaped niches between the

other cells. During activity they preserve this form, shi'inking to a

certain extent when resting.

Between the cells of the body of the gland and those of the base,,

staining reagents show not the slightest difference, carmine, hema-

toxylon, aniline blue, stain all alike in intensity. The slight differ-

ence obtainable in osmic acid hardly merits mention. The granules

in all are equally coarse, and four or five hours after the introduction

of food into the stomach are arranged about the lumen, which in

these glands is more or less indistinct. The cells are unprovided

with a membrane, and in serum are all spherical, the processes being

retracted. They, however, preserve their original forms in Miiller's

fluid and Ranvier's alcohol.

F. E. Schulze 1 describes in Silurus glanis large spherical cells

lying in niche-like swellings of the basement membi'ane, and he evi-

dently intended a comparison of these with similarly situated cells

in higher vertebrates. As Amiurus and Silurus belong to the same

family, it is quite probable that these structures are alike in both

and that they have no more morphological value than what I have

attributed to them.

Edinger2 discovered in Perca Jiuviatilis differences in these cells

which, however, he does not describe. Still he believes that a dis-
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tinction of these into parietal and chief cells, such as obtains in

higher vertebrates, is totally absent in fishes. Nussbaum 1 describes

two varieties of peptic cells in the pike ; one consisting of large

coarsely granuled cells situated anteriorly and followed by a zone of

second variety behind, which includes small finely granuled cells.

Such a distinction in these cells, both as regards structure, relative

position and size, it may be remembered also exists in the frog.

Langley and Sewall2 find but one kind, of cells in the stomach of

Gasteropodus trispinatus.

Cajetan3 corroborates Nussbaum's description of the cells in the

pike, and also finds a similar distinction in the cells of Cobiiis

barbatula.

In spite of these discoveries of Nussbaum and Cajetan, which

are of but doubtful value as regards a functional difference, Edinger's

statement, that chief and parietal cells, as such separately, are absent

in fishes, is still to a great extent true, and it may be regarded as

established that whatever may be the functions of these cells in

higher vertebrates, such functions are performed by one kind of cells

in fishes. In those fishes of which I have studied the stomach

glands for the sake of comparison with those of Amiurus. all, with

the exception of the sturgeon, showed not the slightest difference

from the description already given above. I can only compare these

glands to those of the oesophagus of the frog, as described by

Langley 4
.

The pyloric mucous surface is like that of the cardia and ccecum

in the forms of its constituent cells. True glands are absent, what

is usually called such in fishes, being simply indippings or crypts of

the membrane, and clothed with long cylinder cells which are not

different from those of the general surface. They are found up to

the pyloric valve, where they pass gradually into the crypts of

the midgut. It may be mentioned that as the pylorus is approached,

the crypts into which the peptic glands open elongate, the glands

diminish in length, and finally vanish, leaving in their place a much

elongated crypt.

The membiana propria of the peptic glands consists of fibres of

the mucosa closely applied in the form of a sheath, in which are

1 Archiv fur Mikr. Anat. Bd. XXI. 2 Journal of Physiol. Vol. II.

3 ZurLehre von der Anat. und Physiol, des Tract. Intest. der Fische., Bonn, 1883.

4 The Histology and Physiology of the pepsin-forming glands. Phil. Trans. Vol. 172, Pt. III.
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scattered connective tissue corpuscles. It never separates with the

gland from the mucosa.

The relation of the capillaries to the various portions of the fish's

stomach has been pretty accurately described by Melnikow for Lota

vulgaris. These vessels in Amiurus present no difference from the

<nven description, except in their connection with the glands. The

following description must, therefore, follow Melnikow's1 to a great

extent.

The arteries of the mesenteric coat become divided into two or

more branches, which pass between the longitudinal muscle bundles,

the proper vessels of which are accompanied by venous capillaries.

The o-reater branches run into the circular layer between * whose

bundles they pass to the submucosa. The outline of the vessels

formed around these bundles is generally quadrate. In the sub-

mucosa the arterial branches take an upward and a backward course

toward the muscularis mucosae. Those distributed to the base of a

crypt or sulcus immediately pierce the muscularis, within which they

run parallel to the surface and then in between the base of the

glands. Arteries of large diameter in the submucosa run parallel to

the surfaces of the folds, and give off branches which ascend into the

extreme summit, each of which again in the immediate neighbour-

hood of the mucularis muscosae divides into two or three smaller

branches. These latter pierce the muscularis mucosae and then

break up into a number of very fine twigs, which ascend between

the glands and parallel to them. Each of these give off to the

others near it a transverse twig, and in this manner arise a polygonal

often an hexagonal field when the glands are viewed in transverse

section. As many as ten or twelve transverse bands may surround

a gland. When they reach the base of the epithelial layer and the

base of the crypts they run very close to these and pass over into

venous capillaries which collect gradually into ones of still greater

size till they reach the submucosa.

MIDGUT.

The folds of the mucous membrane are highest in the neighbour-

hood of the pyloric valve and appear most distinctly in villi-like

prominences. Such a view is not always obtainable, only so in the

i Ueber die Verbreitungweise der Gefasse in den Hauten des Darmkanals der Lota, vulgaris.

Arehiv fur Anat. und Physiol. 1866.
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relaxed intestine. A partial distension of the midgut with chromic

acid and alcohol easily demonstrates the connected character or con-

tinuity of these prominences as longitudinal folds.

The musculature consists of an outer longitudinal layer with an

inner one of smooth fibres. The latter is the thickest, and in the

pyloric valve increases so as to form the constricting muscle.

The nmscularis mucosae is but a thin layer compared to that of

the stomach, and is formed of smooth fibr.es. The submucosa is very

much supplied with fissure-like cavities which are part of the larger

lymph vessels. Frequently these and the mucosa to the height of the

fold are closely beset with lymph corpuscles, so much so as to obscure

the fibrillar character of the tissues. They frequently are more numer-

ous, approximating to patches, but with no definite limit at certain

points, at the base of the cylinder cells in the height of a villus.

They are probably the analogues of Peyer's glands which appear to

be absent in fishes, although the sturgeon has in the mucosa of its

spiral valve a number of closed spherical cavities surrounded by a

sheath of dense adenoid tissue and filled by a great quantity of

corpuscles. These', I would say, are the nearest, probably the only,

approach to a likeness of Peyer's glands in fishes.

The surface of the membrane is increased by deep crypts which

are lined with an epithelium like that of the general surface. These

crypts are never branched, being simply straight tubules. They

represent in fishes the Lieberkuhnian glands of higher vertebrates,

although the epithelium constituting them is not differentiated.

The epithelium consists of long cylinder cells, among which are

found modifications of them in the form of beaker cells. The cylin-

der cell is of equal diameter in its upper two-thirds, and has a fine

basal process running into the tissue of the mucosa. I have never

succeeded in isolating it to its fullest extent. As far as it has been

separated it was observed to be varicose in its course and frequently

branched. The situation of the large oval nucleus is various, and

when a section is viewed several layers or stratifications of nuclei

are observed. Nucleolar bodies may be present in the nuclei. In

the protoplasm of the upper half of the cell are a quantity of

granules, fine and coarse, the latter abounding, and after food has

been in the midgut for some time, fat globules. These diminish in

quantity towards the nucleus. In transverse section these cells

.appear hexagonal in outline. The peripheral wall is quite thick,
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and is provided with the usual pore canals. Outside of the cell

walls, and of a diameter equal to that of the cell, are sometimes in

hardened sections small masses which show a striation parallel to

the pore canals. These are probably in all cases due to a destruction

of the excessively fine cilia which has been described by Thanhoffer1

in the frog, and by Edinger2 in the eel, pike, carp, &c, and observed

by myself in scrapings from the intestine of the living fish. I have

never succeeded in observing their movement. Edinger suggests

that they are in constant action during digestion. It is impossible

to verify this with certainty, as removal of the cell apparently causes

instantaneous death. . In this respect, as in their extraordinary

delicacy, they are comparable to the cilia of the cylinder cells mingled

with the olfactory cells of the nasal cavity of higher vertebrates.

The beaker cells are quite different from those of the oesophagus,

and this difference corresponds to that between the ordinary cylinder

cells of the midgut and the oesophagus. In both cases the beaker

cells are not original structures, but are metamorphosed products of

cylinder cells. I might mention here that I observed in fresh ciliated

epithelium from the spiral valve of the sturgeon, several cases of

beaker cells still possessing a fringe of cilia. On the other hand the

effects of the drug pilocarpin teaches quite clearly the origin of the

beaker cells. After the peristaltic contractions caused by this drug

have passed away, beaker cells are found to be totally absent from

the surface of the intestine and Lieberkuhnian crypts, their place

being occupied by cylinder cells. A fresh supply is obtained in the

resting intestine, and these can only come from the cylinder cells.

The theca of the beaker cell presents various shapes and sizes

graded from the cylinder cell. Sometimes a short portion of the

wall is swollen to form the theca ; the peripheral wall is lost and the

contents become very coarsely granular, the remainder of the con-

tents of the cell being unchanged. Further progress shows the

advance of the transformation nearer the nucleus, which, however,

it does not embrace ; at the same time the theca loses its swollen

character and becomes elongated. The opening may be as wide

or wider than the original cell, and through it frequently projects

a rounded mass of the swollen contents.

The crypts of mucous surface are simply those of the pylorus in

i Pluger's Archiv, Bd. VIII., p. 391. 2 Loc. cit.
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which the gastric epithelium is replaced at the pyloric valve by

epithelium proper to the midgut.

Edinger found in the carp these crypts surrounded by lymph

vessels imbedded in the fibrillse of the submucosa. Such has been

my observations with these structures in the cat-fish. Soluble

Prussian blue injected by means of a hypodermic syringe into the

wall of the intestine, generally filled vessels of irregular size sur-

rounding the crypts.

The arteries of the intestine pass through the muscular layers at

right angles and reaching the submucosa, the large branches run for

a short distance parallel to the surface, and give off divisions which

ascend into the mucosa and between the crypts. Their twigs then

form meshes embracing the crypts. The capillaries run immediately

under the superficial epithelium. Fine venous capillaries are con-

tinued from these and unite as they progress towards the submucosa

into larger branches. The arterial branches in the summit of a fold

also form a connected mesh of fine capillaries.

ENDGUT.

The muscular walls of the endgut or rectum assume a thickness

greater than in the midgut. The outer longitudinal fibres become

arranged in separate bundles posteriorly which go to insert them-

selves in the walls of the vent. The circular la}'er has a thickness

relative to the longitudinal one proportionally gi-eater than in the

midgut. Large bundles from it grow inward carrying the sub-

mucosa with them between the two surfaces of the valve separating

the midgut and endgut. This acts as a sphincter muscle in making

the valve tense. The folds of the mucous surface of the endgut are-

less conspicuous than they are in the midgut. They are fewer in

number, narrow and longitudinally arranged. No transverse furrows

on these give the appearance of villi. The crypts are about as

numerous as in the midgut, but narrower and longer. Crypts are

present on both surfaces of the valve, and like its epithelium pre-

sent transitional forms between those of the midgut and those of

the endgut.

The epithelium is constituted of cylinder cells not differing in

shape from those of the midgut. They are, however, not so long,

that is, the portion outside the nucleus is shorter, the peripheral wall

is thinner, and appears to pass without clear distinction into the
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protoplasmic contents below, which are of the same character as

those of the superficial cells of the midgut. The peripheral wall

rarelv shows pore canals ; when these are present they are few to the

cell. The beaker cells are like those of the midgut in every respect,

excepting that their theca are rounder and shorter. The crypts are

clothed with an epithelium like that of the ordinary surface. As

the vent is approached the height of the epithelial cells grows less

and less, until finally at the vent it is columnar or even flattened.

In the latter half of the endgut clavate cells have been sometimes

observed differing not from the description given of these above.

The arteries and capillaries are arranged in the endgut just as in

the midgut. The course of the arteries in the submucosa is parallel

to the course of the folds, to every one of which there is apparently

a large submucous branch.

THE LIVER.

The liver of the cat-fish is situated at the anterior termination of

the belly cavity, and is closely applied both to the aponeurotic

wall and to the oesophagus. The peritoneal covering of the aponeu-

rotic wall is reflected over the hepatic veins to the liver, while a

fold of the mesenteric membrane, embracing the oesophagus expands

to cover the liver, and, passing behind it, is closely attached to the

surface of the gall-bladder to the pancreatic- and bile-ducts.

The liver is in weight about from one-thirtieth to one-twentieth

that of the body as a whole. Its color is reddish-brown,—pathologi-

cal conditions, which also increase or diminish its weight, vary its

color, especially during the summer months. I have in several cases

observed an extremely yellow color, due, probably, to the resorption

of the bile. There is no pigment in any part of the liver beyond

the proper pigment of the bile and such blotchings as sometimes

were present were due to no discoverable reason.

The liver is easily lacerable, and is of a jelly-like consistency.

This latter property is due to oily fluids which show their presence

in pieces hardened in alcohol by the strong ' fishy' smell.

The lobated formation of the liver is not distinctly marked. The

lateral halves are quite similar, although that of the left may have

quite a number of lappits distributed on its posterior surface which

are absent from the right. The bridge connecting the two portions

is not as thick as the remainder of the mass of the liver. A sulcus
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on the postero-inferior surface forms a line of division over which

sometimes a lappet from the left stretches on the right half for a lit-

tle distance.

The lobes distinguishable on both halves, in the majority of cases

observed, are as follows :

—

An antero-lateral lobe, not constant, stretching upward and back-

ward ; it is generally long and slender.

A postero-lateral, somewhat smaller than the preceding, and

directed horizontally outwards.

A postero-median, large, directed backward, that of the right side

almost covering the gall-bladder.

These lobes may or may not be the same in size for both halves, as

a considerable amount of variation is always present.

The lobulation on the surface of the liver in the cat-fish does not

appear prominently or clearly. This is owing to the smallness of the

lobules and to their passing almost without interruption into one

another. In the gorged condition of the liver they can be easily

seen as polygonal spaces, and measure about -5 mm. on the average.

The gall-bladder is of elongated oval shape, with its long axis

directed straight backwards. Anteriorly it passes into an arch-like

cystic duct toward the middle line which receives 8-10 hepatocystic

ducts in its course and becomes the ductus choledochus, at first large

but decreasing in diameter backwards. It enters into the intestine

in intimate connection with the pancreatic duct which lies above it.

Both open separately, each on papillae on the inner surface of the

transversely ducted portion of the mid-gut, about two centimetres

from the pyloric constiiction.

There are two coats to the liver. The outermost, the serosa, easily

separable, is simply the peritoneal fold, and having all the characters

of the mesenteric tissue. The other, more closely applied and inside

the former, is apparently of flat epitheloid structures, hardly isolable

from the close arrangement of the hepatic capillaries on which they

lie. They may be analogous to the cortical cells described by

Eberth 1 in the amphibian liver.

The liver of the cat-fish is very poor in interlobular tissue. A fair

amount enters the portal canal, but following the finer ramifications

of the portal vein, the pancieas increases in volume, its acini twining

i Archiv fur Mikr. Anat.—Bd. III., page 430.
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around the walls of the vein leaving but little room for other struc-

tures than the gall-ducts and hepatic arteries. In the finer interlo-

bular septa picrocarmine reveals very little connective tissue.

The arrangement of the blood vessels in the liver is, on the whole,

the same as in the higher vertebrates. There are, however, minor

differences. The interlobular veinlets, before they pass into the

radial capillaries, are closely gathered together to form as it were a

wall to separate two neighbouring lobules which are thereby sharply

defined. The course of the radial capillaries from the central vein

outwards is very irregular. The spaces enclosed by two adjacent

radials and their transverse branches, instead of being uniformly

'quadrilateral as in higher vertebrates, are more or less rounded.

The different gall-ducts are lined with an outer fibrous and an

inner epithelial coat. The fibrous layer is formed of connective tis-

sue fibrils and plain muscle fibres, the latter situated inside the for-

mer, which passes into the differently arranged scanty connective

tissue surrounding the duct. Staining with picrocarmine easily

reveals this arrangement. The inner or lining coat of epithelium

consists of a single layer of short cylinder cells. They are slightly

granular, and their nuclei are placed near the bases of the respective

cells. A peripheral wall is present. As the ducts become more

finelv branched these cells become columnar, then oval ; at the same

time the fibrous layer loses its connective fibrils, those of the muscu-

lar coat becoming much decreased in quantity and finally vanishing.

When the connective tissue is absent but the muscular fibrils still

present, the epithelium becomes scale-like, forming, when the muscle

fibres vanish, a thin wall for the lumen of the gall capillary. I

have not succeeded in following them to their terminations in the

hepatic cylinders, but believe that they terminate, as Hering and

others describe, by their epithelium becoming exchanged for liver-

cells, which here, however, do not possess a thickened border disposed

toward the lumen of the gall capillary.

As already stated, very little if any connective tissue enters be-

tween the lobules, and thence the sole supporting stroma is formed by

the blood capillaries. There is a complete absence of those cells, other

than hepatic, which sometimes characterize the livers of higher ver-

tebrates. Kupffer's stellate cells, which are rendered remarkably

distinct in other livers by methylene blue, cannot be detected here.
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The hepatic cells are of small diameter, speaking comparatively,

measuring on the overage 12 /i, the smallest observed being 9 '5 fi,

and the largest twice that size. Their characteristics are most easily

observed in the fresh state, when they are obtained by drawing the

edge of a knife over the cut surface of the liver. Examined in salt

solution, at the ordinary temperature of the room, the single cells

exhibit curious movements and forms. This fact has been fully de-

scribed for the hepatic cells of mammalian livers. The movement is

usually designated as an amoeboid one, but is sensibly different from

it, as no protrusion of processes occurs. In the majority of cases a cir-

cular constriction appears at one pole of the cell, and slowly travels

toward the opposite pole ; when at the equator of the eell it gives

the appearance of a dumb-bell. Before this constriction has disap-

peared a second one may arise, and even a third, at the same pole.

The locomotion arising from this may be little or nothing. An in-

crease of temperature has no effect on the rapidity of the contraction

or constriction. A flow of the contents of the cell from one part to

the other during contraction occurs, while that portion of the cell

which forms a thin sheath for it apparently brings about the contrac-

tions or constrictions. The sheath is quite free from granules, and

formed of a clear substance not marked off definitely from the granu-

lar central mass other than by the absence of granules.

When in the resting state the cell is perfectly spherical, although

such is not the case in the fresh liver. Young cat-fishes of about

one to two inches in length, offer livers which when carefully re-

moved give good opportunities on account of the thinness of the

lobes for observing therefrom any movement of the cell.

The liver cell contains beside large nuclei of 3 fi and 4 /z in diam-

eter, oil globules, and a few pigment granules. In the nucleus may

be one or more nucleolar bodies. In the cell itself, in fresh condi-

tion, there can be observed five processes radiating from the nucleus.

Hardened in Midler's fluid or in a solution of potassic bichromate,

the fine intracellular reticulation can be observed to be unequally

distributed throughout the cell. It seems to be aggregated around

the nucleus, and from there radiates to the side of the cell which

borders on the gall capillary, i.e., away from the blood capillary.

The reticulation encloses nearly all the pigmented granules, the re-

mainder of the cell being pretty free from them.
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Kupffer has described delicate offshoots of the gall capillary pene-

trating the cell and terminating in swollen cavities occupied by oil

globules. I have tried to verify such a description as far as the

liver of the cat-fish is concerned, and although I have employed arti-

ficial injections of Berlin blue and natural injections of sodium

sulphindigodate, yet I have found nothing answering to Kupffer's

view. In the artificial injection which Kupffer employed it is quite

possible that lateral canals penetrating the hepatic cells with bulb-

ous terminations may have been due to mechanical causes.

The hepatic cells are arranged in a definite way, and this arrange-

ment appears different according as the lobule is cut longitudinally

or transversely. When cut longitudinally the capillaries, when

they run parallel, are separated by cylinders usually of two rows

of cells, this cylinder being interrupted at every fifth or sixth

cell by a branch between the two capillaries. Between the two-

rows of cells will always be found a gall capillary. In this case

the resemblance to the tubular gland is very striking. It is also to

be noted that nuclei of the hepatic cells are situated nearest the

blood capillary.

When the lobule is cut transversely, towards its centre there are

a number of capillaries also cut across and placed in the field of the

microscope at pretty definite positions. Around these capillaries the

hepatic cells are circularly arranged in such a way that the circles

are contiguous and that invariably two cells separate two neighbour-

ing capillaries. Here, again, the gall capillary is to be found be-

tween the two cells. When the section contains a number of capil-

laries cut regularly across, and at a position where they are joined

by cross branches, such a view as that given in Fig. 10, is obtained.

In this figure the resemblance to a gland tubule is complete.

If the fresh isolated cell be carefully observed no trace of thicken-

ing or marking on the cell surface can be found ; when the gall

capillary was situated where the blood capillary cannot now be dis-

tinguished. This has special importance regarding the question of

the absence or of the independent existence of the gall capillary.

Hering1 maintained that the liver cells were a direct continuation

of the epithelium clothing the coarser gall ducts and that the liver cells

enclose between them the gall capillaries as intercellular passages.

1 Sitzungberichte der Wiener Akad., Ad. LIV., and Arch, fur Mikr. Anat., Bd. III.
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Eberth1 also describes them as ending in the same manner, but also

finds that they are lined by a doubly contoured membrane very

delicate and 'browning in silver nitrate injections. This membrane

is no where isolable or independent of the cells in contact with it,

and is absent altogether in fishes. Haidenhain and Peszke, 2 by fill-

ing the gall capillaries with sodium sulphindigodate and macerating

the liver tissue in a solution of potassic bichromate and sodium

chloride obtained the capillaries filled with the blue compound com-

pletely isolated as minute pieces of tubules, formed of a doubly con-

toured membrane otherwise apparently structureless.

My observations agree in the main with those of Hering and

Eberth : in the case of the latter author as far as the structure of

the capillaries in fishes is concerned.

In uninjected livers it is almost impossible to find the gall capillary.

On the other hand, when injected artificially or by the natural

method, it is of considerable breadth. Injection of silver nitrate

will but fix and harden the adjacent portions of the liver cells, and

thus is formed, apparently only, a capillary membrane. Peszke's

method will not show the presence of an independent capillary in

fishes. From these facts I would conclude that the capillary is an

intercellular passage, which in hardened sections is absent, but which

during life exists by reason of the power of the cells to select and

deposit in that particular position the necessary products of its secre-

tion. If the cell is in active secretion the passage has a greater

diameter. If secreted products be absent, or if they be dissolved

out, as is the case in hardening reagents, the passage disappears.

The presence or absence of it therefore is much like the presence or

absence of a lumen in the gastric glands in some vertebrates.

The gall-bladder is not folded to any extent on its inner surface

when in the fresh condition. In hardened portions when the muscular

coat has shrunken, the mucous coat is thrown into minute folds.

These two coats are not sharply distinguishable. The outer bundles

of muscular tissue are longitudinally arranged, but in quantity are

very few. They frequently take an oblique direction, especially

about the mouth of the bladder and in the cystic duct. The inner

circularly arranged coat of muscular fibres is by far the thickest.

Into it the fibrous tissue of the mucous coat enters and frequently

1 Virchow's Archiv, Bd. 39, and Arch, fur Mikr. Anat., Bd. III.

2 Hermann's Handbuch der Physiologic, Bd. V.

29
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separates the fibres into bundles. Both muscular coats may at posi-

tions quite change their directions, so as to leave it doubtful if there

is more than one coat. Fibrous connective tissue enveloped these

on the outside, and on this again is superposed the mesentery. The

mucous coat contains coarse connective tissue fibres and has imbedded

in it numerous arterial branches which divide and rise under the

epithelium layer. Very few lymph corpuscles were observed.

Beneath the epithelium the fibres become arranged more densely

and give the appearance of a muscularis mucosae. They form a

basement on which the epithelium sits. This stratum of densely

arranged fibres runs up into minute ridges in which small arterial

capillaries and venous capillaries anastomose.

The epithelium consists in the main portion of the bladder of

long cylinder cells, slender, but of larger transverse diametei in its

mouth and in the cystic duct. The protoplasm is very finely granular

and surrounds a large oval nucleus. The outer peripheral border,

easily lost in reagents, does not possess the striation that Yirchow1

describes for other vertebrates. The basal processes are very slender,

often divide into two or more branches, and interlace with the fibres

of the mucosa.

In the main portion of the gall-bladder there are but few glandular

follicles or crypts. In the arched portion of the duct of the bladder

they are much more numerous, and a few may be of such length that

a portion of it is bent so as to be parallel with the mucous layer.

The cells lining them are cylindrical or rather columnar, which in

sections never exhibit a peripheral border, at least it is not manifest

in fresh. A cross section of the tubules very often reveals slimy

masses in the lumen. The cells do not differ otherwise from those

of the general surface, and may have each a peripheral border like

them.

THE PANCREAS.

For nearly halt a century before 1873 the presence or absence of

a pancreas in the Teleost fishes had been one of the disputed ques-

tions among anatomists. It may be convenient to go briefly into the

history of this dispute, as it led to the discovery ultimately of a true

pancreas.

1 Virchow's Archiv, Bd. XL, page 574.
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As early as 1827, Weber 1 described the presence of a duct in

'yprinus carjrio running parallel to the ductus choledoclras and

originating in the central lobe of the liver ; as he found no distinct

pancreas, he regarded the portion of liver mentioned as performing its

function, since it differed from the rest of the liver in color, form,

attachment to the intestine, and division into lobules.

A little later Brandt and Ratzeburg described a glandular body

in Silurus glanis, much like the liver and extended behind it envelop-

ing the ductus choledochus. This organ, they believe, to be the

pancreas.

Cuvier- maintained that the pyloric coeca were glandular organs

performing the functions of a pancreas.

Alessandrini3 discovered a pancreas in the pike and the sturgeon,

the latter having also a complicated pyloric appendage.

Johannes Midler4 and Steller separately showed that in some fishes

both pancreas and pyloric coeca may coexist, while in others the former,

as a well developed organ, may occur in the absence of the latter.

The genus Lota was mentioned as an example of the first-named

condition and Silurus and Murmna of the latter condition.

The organ described as the pancreas in the pike by Weber, Cuvier

believed to be part of the liver proper, and added that he had seen

an excretory duct in a very large Silurus, opening into the midgut

and terminating in the right lobe of the liver. This duct he re-

garded as an hepato-intestinal duct.

The view that the organ generally regarded as the liver in fishes

is divided into a bile-secreting portion and a trypsin-secreting portion

was held by Stannius.

Bernard5 in 1856 described a pancreas present in the intestines of

an unknown specimen of fish and also in the turbot. In those fishes

in which a pancreas was not observed, Bernard supposed that its

functions were performed by the mucous coats of the midgut.

Nothing important was added to these observations until 1873,

when Legouis determined the presence of a pancreas in all fishes

studied by him. His work has been the most important yet as lay-

1 Meckel's Archiv, 1827.

2 Cuvier et Valenciennes. Histoire Naturelle des Poissons, Paris, 1828.

3 Novi Comnien. Acad. Scien. Institut, Bonon, 1836, Tome It.

* MUUer's Archiv, 1840, page 132.

5 Lecons de Physiologie experimentale. Tome II., page 478.

6 Annales des Sciences Naturelles, 1873.
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ing at rest a question of long standing, although his statements were-

contradicted by Krukenberg1 and confirmed by Nussbaum2
. Cajetan3

,

a pupil of the latter, studied and described the pancreas in Anguilla

vulgaris, Esox lucms, Trntta fario, Perca JtuviatUis and Gobitis

barbatula, and tests his results by digestive experiments in several

cases.

There are no pyloric appendages in the cat-fish. In searching the

intestines microscropically a pancreas also is not to be found. I could

find no organ in Amiurus as that described by Brandt and Ratzeburg

as occurring in Sihirus. On the other hand, in endeavoring to find

the duct described in the last named fish by Cuvier, I discovered

one which but little answered to it, but which as I found afterwards

is the duct of the true pancreas.

This pancreatic duct runs almost parallel to the ductus choledochus

and above it. The pancreatic duct is always the paler of the two, as

the other takes more or less the color of bile. Half way between

the intestine and the liver it divides into two or three branches,

which run above the arched portion of the ductus choledochus into

the liver substance along with the cystic ducts on both the right and

left side of the middle line.

In the larger channel cat-fishes the duct is large enough to admit

the insertion of a canula for the purposes of injection, and by this

means the branching of the duct can be easily perceived. The finer

tubules, i. e., those of the gland proper, cannot be injected.

If the interlobular branches of the portal vein be injected with some

material which will fill them to the exclusion of the finer branches,

and if a section of liver thus injected be made, in such a section we

can at once see the distribution of the gland tubules of the pancreas.

They are found to be arranged some circularly, some obliquely and

some longitudinally about the interlobular vein, the arrangement

being so distinct as at once to mark them off from the surrounding

hepatic tissue. The cellular elements of these acini are light colored

when compared to the hepatic cells, and take a lighter or a darker

stain than those, according to the staining fluid used.

Fig. 1 1 gives a view of such a section. It is there observed, as is

usual in other sections, that the gall ducts are to be found outside of

the pancreatic tubules, some of which are cut across.

1 Kukne's Physiol. Untersuch. Bd. II. p. 385. i Loc. cit. s Loc. cit.
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A glycerine extract of the liver digests fibrin in a 05 % solution

of sodium bicarbonate, requiring but a few hours for a piece of

moderate size.

In young cat-fishes, of from one to two inches in length, and from

which I made a series of sections in the neighbourhood of the liver and

midgut, I was unable to find a trace of pancreas. This is possibly to

be explained, as Bernard suggested, by the supposition that digestion

by the stomach is quite sufficient for the food of young fishes. It is

also to be observed that hepatic tissue does not penetrate between all

the capillary vessels of the liver. It is quite safe to say that the

pancreas is of later development, and is connected with the portal

vein in some such way as to be dragged by it into the liver when the

latter increases in size.

The fact discovered by Krukenberg that the extracts of the livers

of different fishes accomplished a tryptic digestion may be explained

by the possible distribution of the pancreas in the liver in the way

that is describe! above. Among those fishes studied by this physi-

ologist, were Perca fluviatilis, Labrax lupus, Belone rostrata, Crenila-

ibrus pavo, Dentex vulgaris, Trigla hirundo, Sargus Rondeletii, Gobius

niger, &c. In Perca fluviatilis, according to Cajetan, the pancreatic

ducts entwine about the portal branches till they sink into the liver.

It may be added that it is possible in this fish, as well as in those given

above, that the pancreas follows the portal vein as it does in the cat-

fish. The organs so affected are, however, by no means to be denomi-

nated a hepato-panci^eas. as that name is understood in invertebrate

anatomy.

A more careful study of the pancreatic tubules in the cat-fish

shows that it undergoes the ordinary changes effected during diges-

tion. In a fasting condition the cells are filled with granules, the

round nucleus situated near the outer part of the cell, and the whole

stains feebly in carmine. When the liver is cut out four or five

hours after the fish has been feeding, the granules are gathered into

a region adjacent to the lumen of the gland, and this portion stains

feebly, the rest of the cell strongly, in carmine. Fig. 11 gives a

representation of this stage.

I could observe a membrana propria for these gland tubules as

little as in those of the gastric glands. The fibres of the connective

tissue surrounding them are arranged in a dense sheath which serves

.all the purposes of membrane.
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THE AIR-BLADDER.

The air-bladder of the cat-fish takes up in length about one half

that of the belly cavity, and measures across at its broadest end

from one-half to two-thirds its length. It narrows posteriorly and

has a rounded termination, while the anterior face is broad and is

covered by the head portion of the renal oi-gans. It is covered up

on its lower surface by the peritoneal folds.

The dorsal surface has a groove into which the vertebral column

fits, elsewhere the surface is even. The duct arises from it at the

commencement of the middle third, and passes forward and down-

ward to the oesophagus.

There are three cavities in the air-bladder, two of which each

communicate with a third, the anterior one. The long axis of the

last named is directed transversely and occupies the broadest portion

of the bladder. The long axis of the two others are parallel and are

directed backward. The connection of each of these with the

anterior one is by an aperture narrower than its own transverse-

diameter. It is with the anterior chamber that the duct communi-

cates, opening at its posterior lower edge.

There are two coats in the wall of the ah-bladder. The outer

white, and of some thickness, exists as such at all points, except a

part of the dorsal surface. On the sickle-like auditory ossicle and along-

several vertebral segments it is but a thin transparent membrane,

closely connected with and united to the ossicles and vertebrae.

Opposite the opening of the duct into the bladder the membrane

again becomes thick and opaque white. This coat alone is connected1

with the auditory ossicles, and to its thickness, as well as to its

constituents, it owes some of its stiffness.

The inner coat is very thin and membrane like, and is conformed

to the walls of the various chambers. Between the median walls of

the posterior chambers is a single wall due to the fusion of the two

outer coats. The outer coat also surrounds and enters closely into-

the constrictions of the openings of the posterior chambers into the

anterior one.

The outer coat is formed of connective tissue fibres and elastic

fibres. The former are long, needle-like, and whitish as if calcified.

The stiffness of the outer coat is due wholly to these fibres. When

put into dilute acetic acid for several hours they swell up into a
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jelly-like mass. These fibres are arranged in every direction, but for

the most part longitudinally, then transversely. The longitudinal

fibi'es are generally outside. In acetic acid the jelly mass shows

stringy portions arranged parallel, not constantly, however. The

second set, or elastic fibres, are very numerous, and show an exten-

sive branching and inter-communication sometimes surrounding,

sometimes penetrating, the bundles of gelatinous matter.

The inner coat, the membranous wall of the bladder cavities, con-

sists of a layer of flat hexagonal cells, and outside this a fibrous layer.

The flattened epithelium is disposed alike over the inner surface and

does not differ in development over the capillaries, as has been de-

scribed to be the case in other fishes. The contents of each cell are

clear and the nucleus is round and conspicuous. The mucous layer

beneath consists of connective tissue fibres not very closely arranged.

No elastic fibres were found. No muscle fibres could be made out

either plain or striated.

The blood supply of the air-bladder is obtained from the drteria

aeliaca, the vessel entering the organ at the origin of the duct, and.

after giving several branches to the outer coat, it enters the inner

membranous coat, and is there ultimately distributed. It divides

into two main branches and several smaller ones ; the main branches

pass one to each side on the walls of the posterior chambers, while

the smaller ones traverse the walls of the anterior chamber. Each

branch is accompanied by a vein arranged both in such a manner

that the two are in parallel course and side by side. Both branch

simultaneously, and the different branches are again connected after

some distance by capillaries. It also often happens that the area,

supplied by one branch also possesses some of the capillaries and

finer twigs of a second branch. Usually each fine arterial branch has

a region set apart, and there it ultimately divides into fine anastom-

osing capillaries which are drained by various capillaries also origin-

ating in the same way.

The larger venous branches are very often varicose, appearing often

like sinuses.

There is no blood-gland in the air-bladder of Amiurus in the sense

in which that word is used.

The blood of the air-bladder is collected in the mesenteric veins

and carried onward to the heart.
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THE BLOOD-VASCULAR SYSTEM,

DUCTLESS GLANDS, AND URO - GENITAL SYSTEM OF
AMIURUS CATUS.

by t. Mckenzie, b.a.,

Fellow of University College, Toronto.

The object of the present paper is to complete, as far as possible,

the description of the anatomy of Amiurus. The works of Stannius1

,

Owen2 and Wiedersheim3
, have furnished the basis for the points de-

scribed, but special papers have also been consulted.

I. THE BLOOD-VASCULAR SYSTEM.

This has been carefully worked out in the different groups of fishes,

and as the parts and relations in Amiurus are in the main similar to

those of other Teleostei, such general knowledge is assumed.

THE HEART.

The heart is situated entirely in front of the first vertebra. The

pericardium which encloses it, is in contact with the coracoids on the

ventral side. The hyopectorales muscles which arise from the inner

curved surface of the coracoids form the lateral boundaries, and

coming together anteriorly give a triangular shape to the cardiac

space. Above, it is covered by the floor of the mouth and the copulse

of the posterior branchial arches or their equivalents. The posterior

boundary is formed ventrally by the upward curve of the posterior

border of the coracoids, and dorsally by the aponeurotic membrane.

The stout coracoids are about 30 mm. wide. in the median line, and

extend from behind the sinus venosus to the upward curve of the

truncus arteriosus. It is plain that no other spot in the body out-

side the brain-case would afford such security to this vital organ.

The outer coat of the pericardium is more or less attached to the sur-

rounding surfaces. The heart lies free within the pericardium, which

is attached anteriorly to the truncus and post eriorly to the dorsal and

i Handbuch der Anatomie der Wirbelthiere.

2 Anatomy of Vertebrates.

•3 Lehrbuch der vergl. Anat. der Wirbelthiere,
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ventral surfaces of the sinus venosus and ductus Cuvieri, and con-

tinued over their anterior surfaces.

The sinus venosus lies between the pericardium and the ' aponeu-

rotic wall,' and is but little larger than the sinus-like vessels of

which it is the tei'mination. Its anterior surface is attached to the

posterior surface of the atrium in the median line of the body. The

opening between them is guarded by a pair of large semi-lunar valves

which not uncommonly become united at their extremities and pre-

sent the appearance of a diaphragm with a central opening, the ordi-

nary slit, 3-5 mm. in length, being reduced to a more or less rounded

passage as small as 1 mm. in diameter.

The atrium is a flattened chamber, 14 mm. long and nearly as

broad at the posterior end. It lies to the left and over the dorsal

surface of the ventricle, extending from behind its apex to the anter-

ior extremity of the bulbus. The thick rounded posterior border of

the atrium is divided into two lobes ; laterally and anteriorly the

chamber thins out to an edge and narrows anteriorly to a blunt apex.

The wall is formed of connective tissue and is very thin. To this

wall the trabecules carnce are attached and run in various directions

along the wall and across the chamber, leaving, however, several free

spaces. The largest of these spaces is opposite the opening into the

ventricle, and the muscle-bundles which surround it are directed to-

ward this point and expel the blood by drawing the wall of the

atrium toward the opening, while by the same contraction they ex-

pand it. The wall of the atrium surrounding the ostium, atro-ventri-

nhiTP. is strengthened by a muscular ring and thickening of the con-

nective tissue. The union of the atrium and ventricle is effected by

-the attachment of the outer surfaces of the connective tissue of each

wall. Where this takes place the connective tissue sends strong in-

terlacing processes into the muscular ring and the muscles of the

ventricle. At places muscular tissue also passes from one to the

other. Where not interrupted by these muscles the connective tissue

of the wall joins similar tissue covering the inner siirface of the mus-

.•ular ring to which the pair of vertical semi-lunar valves closing the

opening are attached.

The ventricle is somewhat cylindrical in form and slightly curved

towards the dorsal surface. The connective tissue-coat is as thick as

that of the atrium. The muscular tissue is divided into two distinct

portions, an outer layer, the muscles of the wall, and within this the
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muscles of the trabecular Processes from the connective tissue layer

pass in among the muscles of the wall, and, uniting again, form an

inner layer to which the muscles of the trabecular are attached. The

fasciculi of the latter resemble those of the atrium, but are placed

more closely together. Their arrangement leaves a central cavity

which extends from behind the atro-vencricular opening to the bul-

bils, and many smaller spaces as well. The surface of the ventricle

is smooth, and between the two sets of muscles there are no lymph-

spaces as described by Kasem-Beck and J. Dogiel1 in their investiga-

tions on the heart of Esox and Acipenser. There are large spaces in

the inner connective tissue layer toward the apex, opposite the ostium

atro-ventriculare, but they are blood-cavities connected with the

other spaces of the venti'icle. While I have not attempted to demon-

strate the endothelial layers described by the above-mentioned inves-

tigators, I doubt the existence of the inner one in Amiurus, for at

points the muscle-fibres of the one layer pass into the other as do also

the connective tissue fibres, except at the spaces. In comparing the

structure of the ventricle with that of the atrium the only difference

is that the former has a dense muscular layer without blood-spaces

developed between the connective tissue layer and the trabecules carn<z,

which greatly strengthens the wall. The heart of such fishes as are

supposed to possess double walls should be further studied, and

especially its development.

The base of the bulbus is provided with a narrow neck which is

inserted into the central cavity of the ventricle to which it is attached

by its outer surface. At this opening a pair of valves is attached

to the muscles of the ventricle similar to those attached to the atrium.

Their extremities, however, extend forward as ridges upon the wall

of the bulbus to strengthen them. Curving upward the bulbus

passes into the truncus arteriosus, which runs almost at right angles

to the axis of the ventricle.

The walls of the bulbus, ventricle and atrium are well supplied with

blood-vessels. An artery passes along the dorsal surface of the bul-

bus to the ventricle; where it divides in two stems which distribute

themselves on each lateral surface. Another artery runs along the

ventral surface of the bulbus and ventricle and gives off a branch on

the former to the dorsal surface of the latter. The veins pass back-

i Beitrag zurKennt. cl. Structur u. Function d. Herzend. Knochen-flscbe, Zeit. fiir wiss. Zoo

Vol. XXXVII., p. 247.



BLOOD-VASCULAR SYSTEM, ETC., OF AMIURUS CATUS. 421

wards over the atrium and sinus venosus. These vessels are confined

to the connective and muscular tissue of the walls, the main stems

lying wholly in the connective tissue layer.

THE BRANCHIAL SYSTEM.

The branchial arteries to the third and fourth arches arise from

the truncus arteriosus by a single stem which runs backwards and

upwards to the anterior end of the median ventral ridge of the

triangular cartilage uniting the fourth and fifth arches. Over this

it divides into two stems, which immediately divide again, the

anterior divisions curving forwards and outwards to the third arch,

and the posterior pair backwards and outwards to the fourth arch.

This arrangement is not uncommon among Teleosts according to

Stannius. 1 The truncus passing forward gives off the arteries to the

second and first arches, not in pairs, but alternately from the dorsal

surface, first to the right and then to the left, ending in the left-

stem of the first arch.

The general features of the branchial arches have already been

described by Prof. McMurrich in his paper on the osteology of

Amiurus} I shall therefore content myself with following the

course of the blood through them, without attempting a description

of their histological structure, which has been exhaustively done for

other Teleosts by Riess, 3 Hyrtl, Drbscher, 4 &c.

The art. branchiales enter the gills upon the posterior side of the

arch, nearly 10 mm. from the termination of the filaments which are

continued forwards upon the membx^ane, in posterior arches beyond

the attachment of the adjacent arch. To supply these filaments with

blood the artery sends back a branch after entering the canal. In

the canal the branchial artery is placed farthest from the bottom

of the groove, beneath the rudimentary diaphragm, and gives off a

branch to each filament of the double row. The artery passes out-

wards upon the inner side of the filament, while the vein, which

gathers the blood from the capillaries, returns upon the outer side

and passes around the branchial artery to enter the branchial vein

which lies along the bottom of the groove. The branchial nerve lies

directly between the artery and vein.

i hoc. Kit., p. 240. 2 Vide, p. 292.

?
< Arch, fur Nat., 1881, Jahrg, 47, p. 582.

* Arch, fur Nat.. 1882, Jharg. 4S, Heft. I. & II.



422 PROCEEDINGS OF THE CANADIAN INSTITUTE.

The vence branchiales leave the gills at the dorsal end of the arch

much as the arteries entered at the ventral end. Both the artery

and vein of the first arch are straight vessels entering and leaving

near the termination of the filaments, and so not requiring a branch.

The fourth vein leaves the gill below the bend in the arch.

Each branchial vein sends a branch backwards to the hyoid and

mandibular regions while yet within the gill.

THE ARTERIAL SYSTEM.

The course and relation of the branchial veins (PI. VIII., Fig. 1,

L, II., III., IV.) are as follows. The first branchial vein runs at

right angles to the longitudinal axis of the skull, and near its base

gives off two branches (c. ex. and c. in.), which I have called the

external and internal cai*otids. It then turns backwards along the

ventral surface of the anterior cardinal, and is joined by the second

branchial vein. The vessel thus formed unites with its fellow from

the opposite side to form the aorta descendens. An artery to the

pharynx, &c, springs from it at varying points. The vessels formed

by the union of the third and fourth branchial veins enter from each

side immediately below.

The first branch from the descending aorta, after the junction of

all the branchial veins, is a small impair artery from its median

ventral surface to the ' head-kidney.' (Fig. 1, hk.) Immediately

behind it, arises the arteria cceliaco-mesenterica (Fig. 1, cm), a large

single stem which supplies all the viscera, except the kidney. It

passes downward between the air-bladder and the head-kidney, and

to the right of the oesophagus. The first . branch supplies the air-

bladder, the second the oesophagus and stomach, the third is the

hepatic artery, the next branches pass to the anterior end of the

intestinal tract, and then the splenic artery is given off. Here the

mesenteric artery divides into two stems which follow respectively

the right and left walls of the mesenteric fold and supply by many

nearly parallel branches each its own half of the intestine. 1 The

left vis. that branch situated upon the attached portion of the

mesentery is the larger, and from it springs the genital artery near

the anterior end of these organs.

One other impair artery is given off into the body cavity at its

1 For the distribution in the various organs of the branches of the arteria ereliaeo-mesenteriea,

xcepting the splenic and genital arteries, see Mr. Maeallum's paper.
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posterior end. This vessel passes directly downward through the

substance of the kidney to the mesentery, and anastomosing with

the left mesenteric artery is distributed with it to the rectum.

The descending aorta behind the origin of the cceliaco-mesenteric

artery enters a deep groove (PI. IV., Fig. 7) on the ventral surface

of the fourth vertebra to pass the attachment of the air-bladder.

Throughout the rest of its course in the body-cavity it lies upon the

rounded surfaces of the centra. In the tail as the art. catidalis it

occupies the bottom of a groove on the centra, and is further pro-

tected by the haemal arches and by the short spines which arise from

the sides of the groove between these arches. A longitudinal dorsal

ridge projects into its lumen as in some other forms.

The arteries given off to the trunk and tail arrange themselves in

three sets, neural, lateral and haemal. Each pair of neural and

lateral branches arise by common stems, which, passing around the

vertebra, give off the lateral arteries about the middle of the centrum,

and are then continued upwards along the posterior surface of the

neural spine as the neural arteries.

The lateral arteries pass outwards by the division in the lateral

trunk musculatui'e along the 'lateral line,' giving branches to these

muscles.

The neural arteries divide into branches which run between the

lateral muscles and supracarinales, and branches which pass upwards

in the median line between the supracarinales.

The hcemal arteries have similar relations to the ventral muscles.

They arise independently, and run upon the anterior surface of the

haemal spine. Throughout the length of the body cavity these

arteries (intercostales) ran with the nerves between the peritoneal

lining and the muscles of the body wall.

These vessels present the same irregularity in Amiurus as is found

in other Teleostei. A large number have entirely disappeared or

been greatly reduced in size, and the blood is distributed by large

single stems, now from the right side and now from the left, giving

branches to both sides of the body and spreading over from two to

five myomeres.

The lateral arteries and the haemal arteries of the body cavity can,

from their position, supply only one-half of the body, and conse-

quently present greater regularity than the others.
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The art. cuadalis terminates by dividing beneath the second last

centrum into two branches, which pass upwards and backwards on

the sides of the last centrum beneath its haemal spines, which are

widened by being attached to small lateral processes on the lower

portion of the body so as to afford space and protection for these

vessels. A horizontal ledge of bone which projects from each side

of the spine A (Fig. 5, PI. II.) almost closes a bony foramen with

the spines. As a rule, the right branch distributes itself entirely at

this point by dorsal and venti*al branches to the deep muscles of the

caudal fin, and branches along the surface of the flat spines to its

intrinsic muscles. The left branch, however, after giving off similar

vessels sends a large branch along the dorsal surface of the bony

ledge and thence in the median line between the spines B and C,

(Fig. 5, PI. II.) to the tail-fin.

The fin r-ays consist of two separate halves, each half being con-

vex on its outer surface and deeply grooved on the inner. They are

attached by their base on each side of the flat spines of the bodyless

vertebrae, and so form an arch in which a canal runs the entire

width of the fin. The artery upon entering this canal divides into

a dorsal and a ventral stem, from which a branch passes out between

the halves of each ray, or several of these branches may arise by a

common stem. The artery in the ray usually divides into two

which run parallel to each other.

In sections of the tin a layer of connective tissue is seen to

occupy the median plane passing between the halves of the rays

where it forms a median canal for the arteries and two lateral canals

for the veins.

The short rays of the dorsal margin are supplied by the arteries to

the muscles mentioned above. The dorsal and ventral fins, with

their musculature, are supplied by two or three of the ordinary

spinal arteries somewhat enlarged at these points.

The art. renales are given off from the haemal vessels passing

around the kidney, of which there are usually three or four pairs

specially enlarged. The most posterior of these is continued to the

pelvic fins entering on the posterior surface. A large branch is also

continued forward to the muscles attached to the pelvic arch. The

arrangement of the vessels in the caudal fin may be taken as repre-

sentative of what occurs in the others.
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The subclavian arteries are the largest and most anterior pair of the

intercostales. They arise from the dorsal surface of the aorta descendens

in the groove upon the fourth vertebra, and issue by foramina be-

tween it and the third. They pass outwards along the anterior surface

of the transverse processes of the fourth vertebra beneath the strong

peritoneal continuation of the aponeurotic membrane. Each artery

gives off two branches to the muscles of this region and then turns for-

wards, over the head-kidney and downwards to the median spine of

the scapula, at which point it distributes itself. Three or four

branches to the anterior portion of the ventral musculature of

the trunk ; a branch to the pectoral fin and its muscles, which also

sends a strong branch backwards on the outer surface of the muscles

of the wall, and a branch which passes forwards beneath the girdle

and anastomoses with certain of the hyoidean arteries are supplied

by it.

The arteries of the head have already been mentioned. It remains

to add a short description of their relations and distribution.

A few small twigs arise at the junction of the branchial veins for

the aponeurotic wall and the fatty tissue on the base of the skull.

An artery from the united first and second branchial veins, which

I shall designate as pharyngo-branchial, passes down around the

pharynx, which it supplies with blood, and also gives branches to the

posterior lev. branchiales, and in some cases the pharyngo-branchiales.

Small arteries for the anterior lev. branchiales arise from the first

branchial vein near the origin of the carotids.

The A. carotis externa arises from the dorsal surface of the first

branchial vein at the angle where it turns backwards to join the

second. (PI. VIII. Fig. 1, c. ex). Thei-e is neither carotis commu-

nis nor circulus ccphalicus in Amiurus. It passes upwards over the

lateral surface of the N. trigeminus on to its dorsal surface and along

the ramus mandibularis towards the eye. A large branch supplies the

abductor mandibular turning backwards beneath the muscle and also

sending a branch through the mesethomoid bone to the nasal sac.

A second branch passes beneath and behind the eye, also terminating

at the nasal cavity. After giving a branch to the antero-lateral

portion of the roof of the mouth, the remainder of the artery turns

outwards, beneath and slightly anterior to the eye, and divides into a

branch to the large maxillary barblet and another to the mandible.
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The latter divides and sends a branch backwards and another for-

wards along the outer dorsal surface of the mandible.

The A. carotis interna (PI. VIII. Fig. 1, c. in.) arises from the

anterior surface of the first branchial vein close to the carotis externa,

and passes forwards along the side of the skull. A short distance from

its origin it thickens into a gland-like structure (p s) nearly 8 mm. long

and 3 mm. wide in the middle and tapering towards both ends. This

organ is exposed from the roof of the mouth by dissecting away the

adductor arcus palatini from its attachment to the side of the skull.

From this surface (ventral) the channel of the artery is distinctly

seen passing directly through it from end to end Transverse sec-

tions show that the wall of the vessel is thickly perforated throughout

the length of the organ by small openings of vessel-like passages

(Fig. 2, b), which are quickly lost in the fine interspaces of the con-

nective tissue of which the thickening is formed. Scattered through

it are seen the small arteries by which the blood is again collected

from the interspaces (Fig. 3, a). An examination of the position and

relations of this structure leaves no doubt but that it is the remains

of the pseudobranchia which has become reduced to a mere rete

mirabile. It is worthy of note in connection with its reduced state

in Amiurus, that Owen mentions Silurus as one of those fish in

which it is entirely absent. That it is the pseudobranchia is shown

bv the fact that the arteria ophthalmica magna (Fig. 1 a. o. m,) arises

from its anterior dorsal surface which is in contact with the optic

nerve, in company with which the artery passes to the eye.

Three small arteries arise from the same surface, posterior and

medial to the former, and immediately enter the braincase. These

are the encephalic arteries, and their origin from the pseudobranchia

is unknown among other Teleostei.
1 In this point, however, as also

in the structure of the organ Amiurus shows a singular agreement

with Acipenser. 2

As far as I am aware the pseudobranchia has not the peculiar

direct relation to the carotid, described above, in any other fish, but

is situated upon a branch of that vessel even in the sturgeon.

The internal carotid supplies the adductor arcus palatini, a branch

to the posterior part arising behind, and those to anterior part after

1 Dr. F. Maurer—Eia Beitrag z. Kennt. d. Pseudobranchien d. Knochenflsche. Morph..

ahrb. Bd. IX. Taf. XI.

Owen— I. e. Vol. I. p. 489.
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the vessel passes through the pseudobranchia. It theii enters the

wide flat anterior portion of the brain cavity as the nasal artery

(Fig. 1, n), and joins the olfactory tract at the bulb, from which point

dividing it distributes itself to the nasal sac, and also gives a strong

lateral branch to the large maxillary barblet. It is difficult to under-

stand why the internal and external carotids should cross their

branches in order to supply these two parts.

The three arteries to the brain may be designated as anterior,

medial and posterior. (Fig. 1, ant. med. post.)

The anterior runs at first beneath and then along the posterior

surface of the optic nerve direct to the optic chiasma, where a trans-

verse stem unites it with its fellow of the opposite side. The union

of this pair and also the posterior pair in the median line closes a

circuius cephalicus, but within the brain-case. From this connecting

stem a small anterior and a posterior artery are given off to the

perilymphatic tissue of the brain-case. From the point of junction

the arteries run backwards parallel to one another upon the dorsal

surface of the optic tract, turn upwards behind the cerebral commis-

sure, and enter respectively the right and left cerebral hemispheres

at their base, where they distribute themselves.

The median and smallest lies behind the optic nerve and runs

backwards about the angle of the floor and side of the skull, lateral

to the hemispheres, and divides into a stem to the thalamencephalon

and another to the lobus inferior.

The posterior and largest lies above the former, behind and slightly

above the optic nerve and runs backwards along the side of the

skull in the same plane. It passes inwards along the anterior

margin of the fourth nerve and gives off a branch which is continued

along this nerve behind the optic lobes to the anterior under surface

of the cerebellum, which it enters at its base. The artery turning

slightly forwards passes under the brain and joins its fellow in the

median line immediately behind the saccus vasculosis, to which a

vessel is at once supplied. From this point a single median stem

runs backwards and ends on the medulla oblongata. Three branches

.from this median artery pierce the floor of the ventricle and form

centres of distribution to the median and posterior parts of the brain.

The first gives off three pairs of branches : an anterior to the inner

surface of the tecta optica, a median to the tori semiculares distributed

upon the surface covered by the tecta optica, and a posterior passing

30
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backwards to the lateral walls of the internal cavity of the cerebel-

lum. The second supplies a pair of arteries to the tubercula acoustica

and a second pair which divide before entering the lobi trigemini.

The third gives off a set of four branches to the parts behind the

cerebellum.

The median stem also gives a pair of lateral branches to the audi-

tory labyrinth.

The artery from each half of the first branchial arch turns forward

and passes through a foramen in the hypohyal, and then turns back-

wards and outwards along a groove on the dorso-lateral margin of the

ceratohyal. On reaching the epihyal it divides itself into three

branches. A large branch returns along the mandible supplying it

and the appended barblets ; a second branch crosses the outer surface

of the epihyal to supply the branchiostegal rays ; and a third pass-

ing onward to the attachment of the operculum distributes itself

upon it.

The artelies from the other three pairs of arches show considerable-

irregularity in anastomosing and giving off independent branches,

but the tendency is to unite in a large median stem between the

pericardium and the copulaa of the arches. From this hyoidean

plexus all the surrounding parts are supplied. The coronary artery

divides into two stems, a dorsal and ventral, which enter the wall of

the bulbus at the point of attachment of the pericardial membrane.

The thyroid artery is usually a branch of the coronary.

A pair of large arteries to the hyopectorales and another pair more

posterior to the pharyngo-claviculares are the more important stems

to the muscles.

All the arteries of the trunk and tail, except those to the organs

within the body cavity, and those to superficial parts of the head, end

in a rich capillary network in the subcutaneous connective tissue of

the skin. The ability shown by these fishes to live for a considera-

ble time out of water is no doubt due to aeration of the blood in

these capillaries while the mouth and gill-cavity are kept closed. If

the skin be moistened artificially this period can be greatly prolonged.

THE VENOUS SYSTEM.

The vena caudalis arises in the tail-fin, usually by two vessels of

unequal size having the same course as the arteries. It runs for-

ward in the haemal canal beneath and in contact with the caudal
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artery. The two posterior trunk vertebrae have short and broad

haemal arches united by a transverse piece. The caudal vein turns

downwards over the posterior face of the second (sometimes the first)

and enters the kidney, which extends back over these arches. It

then passes downwaixls and forwards through the substance of the

kidney and near the ventral surface gives offtwo branches, first a right

and then a left vena renalis advehens, which, passing forwards and

outwards, distribute their blood to the kidney.

The caudal vein, leaving the kidney, is attached to the mesentery

which unites the genital glands and becomes the portal vein, running

straight forward beneath the air-bladder to the liver. This arrange-

ment has not been described for any of the Teleostei, as far as I am
aware, and if Nicolai and Hyrtl are correct does not occur in other

Siluroids. According to these observers the entire vein distributes

itself to the kidney as the vena renalis advehens. The former

arrangement was constant in all specimens of Amiurus catus ex-

amined by me.

The posterior cardinals (venm vertebrates posteriores of Stannius)

arise in the kidney and run forward on each side of the vertebral

column. As in other Teleosts the left vein is very small in com-

parison with the right, which, by a median stem, drains almost the

entire kidney, and issuing upon its anterior concave surface passes

upward and to the right, to the side of the vertebral column, where it

forms a large sinus-like vessel. The left cardinal receives only a few

branches from the horn of the kidney upon that side. Upon reach-

ing the fourth vertebra they narrow to pass through a triangular

foramen formed by the body of the vertebra at the side, the trans-

verse process above and an oblique bony ledge below. Having passed

through they turn downwards through the head-kidney and join the

anterior cardinals.

The veins which drain into the vena caudalis, do not require any

special description, but when this vein leaves its position beneath the

aorta upon entering the body, it causes its branches to vary also from

the branches of the latter.

The portal vein receives the genital veins in its passage between

these organs. It then passes above and in contact with the spleen

receiving the splenic veins. This point also forms a sort of nucleus

for the entry of a number of veins from the left mesenteric fold.

Those on the right unite into a mesenteric vein which in some speci-
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mens curving upwards and backwards crosses and joins the portal at

this nucleus ; in others, however, it continues straight forward on

the right of the stomach and joins the portal vein near its termina-

tion in the liver.

The venae intercostales opposite to the kidney enter that gland near

its ventral margin, but those more anterior consist of a dorsal and

ventral branch which unite in a horizontal stem on a level with the

ventral surface of the air-bladder. This stem consists of an anterior

and a posterior branch, which unite into a transverse stem across

the mesentery covering the ventral surface of the air-bladder, the

right to the right mesenteric vein, and the left to enter the portal

vein immediately in front of the spleen. The most anterior pair of

intercostal veins enter the head-kidney at its dorso-lateral angle.

The portal vein continues forward to the median side of the left

posterior lobe of the liver, to which it gives a branch and continues

to give off branches as it passes around the posterior margin of the

gland below the oesophagus to terminate in two branches to the right

lobe. The gastric veins from the stomach enter the portal vein at

various points as it curves around between the stomach and the liver.

Sometimes they miss the portal vein and enter the liver direct.

The hepatic, veins arise by small branches opening directly into

large sinus-like vessels which run downwards and forwards to meet

in the median line and pierce the aponeurotic membrane just above

the coracoids, where it is in contact with the sinus v&uosus. The

latter has but a single opening for the hepatic veins, but the division

between them extends quite up to the aponeurotic membrane.

The neuial and lateral segmental veins above the body cavity unite

in a vein in the neural canal, which discharges itself into the pos-

terior cardinals by a pair of vessels between the transverse processes

of the fourth and fifth vertebrae. The highly modified region be-

tween the dorsal fin and the skull has special venous connections

which will be described below.

The veins from the fin-rays enter a venous sinus or large vessel in

the canal at the base, from which the blood is chained by several of

the ordinary veins.

The anterior cardinals arise by branches from the mandible, max-

illa, M. adductor mandibular, the operculum, and dorso-lateral surface

of the skull generally. These branches enter at the orbit, and uniting,

run along the ventral surface of the It. mandibularis trigemini. It
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receives a large branch from the nasal l'egion as well as small branches

from the roof of the mouth. Reaching the skull it turns backwards,

as a large sinus-like vessel, along its side above and closely attached

to the branchial veins, and medial to the M. lev. branchiales, from

which it receives three or four small veins.

The cavity of the skull is drained by a pair of veins which arise

in the nasal sac and pass inwards to unite by a transverse stem before

passing back along the dorso-lateral line of the wall. Usually one of

these veins—sometimes the right and sometimes the left—becomes

greatly reduced, and even disappears posteriorly to the transverse stem.

They again unite over the anterior end of the cerebral hemispheres,

and, continuing backwards, receive a number of veins and unite a

third time on the posterior wall, completing a second venous circle.

This circle receives a pair of veins from the auditory labyrinths, and

a median impair vein from the dorsal surface of the spinal cord.

The veins leave the brain-case, along with the rami lateralis tri-

ffemini, through the supraoccipital and turn at once downward along

the lateral surface of its spine. As it issues from the brain-case each

vein receives a vessel from the dorsal musculature as far back as the

spine of the fourth vertebra. Again, at the transverse process of the

supraclavicle, it receives a vessel, which, arising in the dorsal fin,

descends along the anterior surface of the spine of the fourth verte-

bra, and runs forward above the latter. The vein then turns out-

wards and forwards, and enters the anterior cardinal.

At this point the anterior cardinal turns outwards and downwards

upon the anterior surface of the aponeurotic membrane to join the

posterior cardinal immediately upon its leaving the head-kidney, and

from the trunvus transversus or ductus Cuvieri. The ductus runs

downwards and slightly forwards upon the membrane and beneath the

(esophagus to meet its fellow in the median line, and form with the

hepatic veins the sinus mrwsus.

The vein draining the hyoidean region, called by Stannins1 vena

jugularis inferior, arises in the branchiostegal rays and runs for-

wards along the median margin of the epi- and ceratohyals. Anteriorly

to the pericardial chamber the veins of both sides usually unite in

a single vein on the left side, surrounded by the thyroid gland, but,

in passing around and above the pericardial chamber, a small vein

1 Loo. cit, p. 249.



432 PROCEEDINGS OF THE CANADIAN INSTITUTE.

drains the right side, and, like its fellow, enters the ductus Cuvieri at

the sinus venosus.

THE DUCTLESS GLANDS.

THE SPLEEN.

This organ lies in Amiurus, between the posterior end of the

stomach and the anterior end of the genital organs. It is in contact'

with the peritoneum covering the ventral surface of the air-bladder,

and is itself surrounded by peritoneum. The long axis of the gland

which is parallel to the same axis of the body, measures when the

organ is distended 20 mm., the short diameter 13 mm. It is slightly

divided into two lobes, a posterior large lobe and an anterior small

lobe. The surface next the air-bladder is concave, the ventral sur-

face convex. The right margin, which lies near the median line of

the body, is thick and rounded, but the gland thins out toward the

left margin where the points of the lobes nearly touch the left body

wall. The hilum is on the concave dorsal surface where the artery

and veins enter together, and run side by side throughout the gland

until the finer branches are reached. This arrangement agrees with,

that of the higher Vertebrates, but it is not universal in fishes, e. g.,

Anguilla1

, in which the arteries lie across the veins. The vessels

spread themselves out, fan-like, from three or four trunk-stems, but

these in the case of the veins do not unite into a single splenic vein

but enter separately the portal vein, which runs in immediate contact

with the surface of the gland. Indeed, one commonly finds three or

four patches of small openings close together in the wall of the portal

vein, the larger branches of each centre having entered without join-

ing. A small vein usually arises from the ventral surface of the

anterior lobe, and may enter the portal vein direct or join one of the

mesenteric veins just before its junction with the portal.

The surface of the spleen presents a perfectly smooth appearance

in some individuals, while in others raised papillae are visible to the

naked eye. In the former granular-looking nodules can be seen

thickly imbedded in a clear, reddish matrix, while in the latter they

are much less distinct. The reason for this difference will be better

understood after a description of the internal structure.

1 C. Phisalex—Structure et texture de la rate, chez I'Anguilla communis. Comptes Rendus

1884, Vol. XCVII., p. 190.
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In a section through the spleen of a young fish, (one year old, judg-

ing by its size), it is seen to be surrounded by a delicate connective

tissue capsule (PI. VIII., Fig. 4, c). At a few points delicate pro-

cesses pass into the substance of the gland. In the gland substance

the Malpighian corpuscles (Fig. 4, m.c.') varying in size and foi-ra

according to the direction in which they are cut, occur evenly and

thickly throughout, stirrounded by a very openly reticulate pulp tis-

sue. The larger veins and arteries lie together, and in many in-

stances the artery lies wholly within the lumen of the vein, appear-

ing as if attached to the inner surface of its wall. A. most noticeable

feature is the small patch of brown pigment in the majority of the

Malpighian corpuscles to which they are strictly confined, never being

found in the pulp.

When we examine the pulp-tissue with a power of about 600 dia.,

it is seen to consist of large plate-like nucleated cells, (PL VIII, Fig.

7, a) which unite with one another by branched processes enclosing

large vesicular spaces (PI. VIII., Fig. 5, v. s.) To their surfaces are

attached a few lymphoid cells similar to those of the corpuscle, be-

sides adherent blood-cells. This reticulate tissue is continued through

the corpuscles and attached to the vessels, although this is difficult to

make out, because in the Malpighian corpuscles the spaces are almost

completely filled with lymphoid cells, except next the artery

'{Fig. 5, x), where there are often spaces as in higher forms.

The lymphoid cells of the Malpighian corpuscles vary greatly in

size and shape (Fig. 7, d), but the bulk of the tissue is made up of

very small cells with a nucleus which nearly fills the interior. This

tissue seems to accompany and surround all the branches of the

artery.

The brown pigment consists of amorphous granules which may at-

tain a size of 12.4 /i, but are usually smaller. These pigment granules

are formed in cells which when full of pigment measure about 15'5/it.

It is only in a few cases that the surrounding cell can be seen ; as a

rule it has disappeared, leaving the granules adherent in a mass,

(Fig. 7, b) or allowing them to be scattered in the tissue, (Fig. 5, g).

So marked is the difference between a section of the spleen of a

young fish and that of an old one, that at first sight they would

-scarcely be recognized as from the same animal. The place occu-

pied by the pulp (Fig. 4), has been filled by a dense connective tis-

.sue stroma which divides the gland into lobules as seen in section.
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These lobules appear to represent the Malpighian corpuscles. In the-

angles between them the connective tissue fibres separate so' as to

leave small spaces in which a few blood-cells are to be seen. (Fig. 6, i).

The brown pigment patches have increased in size so as in many in-

stances to entirely conceal the tissue surrounding the artery, and

render its nature difficult of determination. In places where there is no'

pigment, (Fig. 6) the endotheloid cells are visible, covered by only a few

lymphoid cells, and so they rather resemble the pulp. The thickness

of the stroma between the lobules varies from 6'4 to 55'8/j., and the

average diameter of the enclosed spaces is 220 p..

This connective tissue forms a thick layer beneath the outer

capsule, from which it is easily distinguished by its lesser density.

As its fibres pass inwards between each outer Malpighian corpuscle,

they draw the capsule slightly after them and give in section a wavy

outline and the appearance of minute papillse on the surface, referred

to above. The difference in transparency is readily accounted for by

the difference between connective tissue and large numbers of vesicu-

lar spaces filled with blood.

I regret that the short time at my disposal for the preparation of

this paper has prevented my preparing sections from a large number

of specimens so as to examine the steps in the change. Fig. 4, st.,

shows a trace of the beginning in the pulp. The difference was also'

noticeable in making preparations of the vessels, for while in the one

case the substance of the gland was readily removed by a camel'&

hair brush, in the other it was tough and difficult to clear away.

The most marked difference between the spleen of Amiurus and

the same organ in higher Vertebrata is the .absence of any structure:

corresponding to the trabecuke.

THE THYROID GLAND.

In Amiurus this organ occupies the exact position described for it

by Stannius1 in the Ganoids and many Teleosts, viz., beneath the-

copulae of the branchial arches and surrounding the anterior end of

the branchial artery. It is an impair structure extending in the*

median line from the origin of the vessels to the first pair of gill

arches to a short distance behind the origin of the single stem for

the third and fourth pairs of arches. Although richly supplied with

blood it appears of a whitish colour contrasted with the blood vessels-

1 hoc. cit., page 255.
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among which it lies. The frame work of the organ consists of loose

connective tissue which does not form a limiting membrane, but

simply passes over into the like tissue sheathing the adjacent parts

and the vessels which it surrounds. (PI. VIII., Fig. 8.) The usual

vesicles of the thyroid are scattered throughout this connective

tissue, showing a tendency to arrange themselves in short rows.

They vary in size from 15 p. to 210 p. in diameter, and are filled

with the usual colloid substance. A few, however, contain a granular

substance with nuclei, showing nucleoli scattered through it, while

others are part filled with the granular and part with the colloid

matter. In the preparation from which Fig. 8 was drawn the colloid

matter did not completely fill the vesicles which was probably due

to the action of the reagents.

The wall of the vesicle consists of a single layer of columnar

epithelium resting on a basement membrane formed from the sur-

rounding connective tissue. The epithelium is readily made out in

the young fish, but in the gland from which the section is figured it

had almost entirely disappeared. A few brown pigment granules

were observed.

In the youngest specimens (15 mm, long) of which I have sections

the gland is very small, and the connective tissue is unattached to

any of the neighbouring structures. The vesicles are confined to a

few spots and form only a single row.

THE THYMUS GLAND.

Considerable interest has centred in the question of the existence

of a thymus gland in fishes. Following Stannius' description of its

position in the haddock, 1 careful search was made for the gland by

dissections on adult fishes but without success. It was afterwards

observed and figured by Prof. Wright in sections through the head

of a young fish (PI. IV., Figs. 12 and 13, Th.), where it is quite a

conspicuous object. This spot was again examined in the adult, and

a slight thickening discovered upon the inner surface of the lining

membrane of the gill-chamber, in most cases presenting the appear-

ance of fat-tissue. As, however, it is impossible to define the gland

by dissection on the adult, a description will be given from transverse

sections of a young fish.

i Muller's Archly, 185'), p. 504.
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The wland lies between the epithelium and connective tissue of

the lining membx-ane of the gill-chamber in its posterior dorsal por-

tion. The bulk of the organ lies above the dorso-median angle of

the chamber extending upwards as a lobe between the trapezius and

lev. branchicdes muscles, and attaining a thickness of 700 //, or

eighteen times that of the epithelium, and one-tenth of the vertical

median diameter of this part of the head. From this thickening

the gland thins out laterally and medially terminating on a line with

the floor of the brain-case. Its anterior margin is on a line with

the third branchial arch, and it terminates behind, slightly in front

of the transverse process of the supraclavicle. The cavity in the

glard, shown in the figures, is a mere split in the tissue and without

a limiting membrane.

The substance of the gland consist of connective tissue fibres

mostly parallel to the epithelium and small round nucleated cells not

larger than 4 p.. They are readily distinguished from the epithelial

cells with which they are in contact by their smaller size and the

deeper stain imparted to them by various reagents. There are no

blood spaces and the tissue is homogeneous throughout, except that

it is looser toward the centre of the gland where the split occurs.

The gland was secured in the adult by removing the entire mem-

brane and examined by cutting sections. The greatest thickness

observed in four specimens was exactly that given above for the

young fish, and it may be safely stated that in the full grown fish it

is absolutely smaller. The connective tissue covering it above con-

tains fat cells, and at places exceeds the gland in thickness. It

sends processes through to the epithelium at' right angles to its sur-

face. This reticulate connective tissue appears to gradually increase

while the cellular elements decrease, and in places undergo fatty

degeneration.

The thymus gland in Amiurus is, therefore, an embryonic struc-

ture, while the thyroid developes and is functional in the adult

animal. The former is, no doubt, developed as a diverticulum from

the epithelium of the branchial cavity as the latter is from the

mouth.

It is interesting to find a member of such an old family as the

Siluroids possessing all those structures (pseudobranchia thyroid

thymus and head-kidney) which are not, according to our present

knowledge, constant in their occurrence in fishes, and have been
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frequently confounded. The condition of the pseudobranchia and

thymus in the adult would suggest the probability that an examina-

tion of the embryonic and young stages of those fishes in which

they have not been found would show rudiments to be present.

THE SUPRARENAL BODIES.

In view of the relationship of these bodies to the sympathetic

nervous system as established by the studies of Leydig, Semper and

Balfour on their development, an apology is due for placing them in

relation to what are considered blood-glands. The sympathetic

system, however, has not been examined, nor yet the relation of

these bodies to it ; and further, many persons still hold that their

function is to effect some change upon the blood. This point will be

noticed further on.

The suprarenal bodies occupy in Amiurus catus a position similar

to that which Hyrtl 1 found obtaining in other Siluroids. They are

represented by a single pair lying one on each side of the kidney

imbedded in its lateral surface, where they are readily distinguisha-

ble as small white spots in the dark red gland. Sometimes, how-

ever, the kidney substance having pressed in between them and the

body-wall they are entirely concealed. No definite position can be

assigned to these bodies with reference to the surface of the kidney,

but they always lie near a pair of renal arteries which vary their

course upon the middle third of the lateral wall. One series of

sections showed the suprarenal body lying in a fork of the artery,

with its capsule so intimately joined to the wall of the latter that

their limits could not be defined. A branch from this artery sup-

plies the organ with blood.

It is not uncommon to find instead of a single body two or even

three bodies on one or both sides. I regard these as divisions of the

simple one, because they are always smaller and are related to

branches of the same artery. Further, when a suprarenal body has

been ma.cerated in Midler's fluid it shows a tendency to divide into two

or three parts. These division lines were seen in section as processes

of connective tissue from the capsule. It would appear, however,

from the observations of Starmius that these structures may vary

greatly in number in individuals of the same species, and arise in an

1 Das uropoetische System tier Knochenfische. Sitz. Wiener Akad. 1851.
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independent manner. The form varies from round to oval, and the

size ranges from 1 mm. to nearly 3 mm. through the long diameter-

The suprarenal bodies are separated from the substance of the

kidney in which they lie not only by their own capsule but also by

that of the kidney, the two being however united as one throughout

almost the whole extent of surface lying in contact. This double

wall does not measure more than 10*8 /j at the thickest part. As
mentioned above, it sends in at various points processes in which the

stems of the blood-vessels run.

The interior of the organ is made up of lobules or alveoli, each

one being enclosed in a delicate but distinct fibrous capsule joined to

those adjacent so as only to appear distinct in certain angles. This

partition wall does not average more than l'5,a in thickness. The
lobules are more or less oblong in form, from 26 -4 to 66-2

,

a thick

and 200 p. as greatest length. The diameter varies in the same

lobule, and they are frequently bent upon themselves at one end.

No part of the body is marked off from the rest either by the form,

size, or arrangement of the lobules. If these correspond to the

divisions of the cortex in the suprarenal of higher vertebrates the

medullary portion is entirely absent.

The contents of the alveoli are granular nucleated cells of varying

form and size (PI. VIII. Fig. 11), the longest being nearly 40 p. and

frequently reaching from wall to wall. After studying a number of

sections, I am forced to the conclusion that the large and the small

cells have no fixed relations.

Some alveoli appear to be composed entirely of long cells arranged

parallel to one another, with spaces between their outer pointed

ends ; others show an almost homogeneous granular matrix contain-

ing nuclei, the limits of whose cells can rarely be defined. A com-

bination of these is the commonest arrangement, where the long cells

being arranged as before with the axis at right angles to the long axis

of the alveolus, the smaller cells are fitted in between. A compara-

tively regular row of nuclei around the margin gives in many
instances the appearance of a lumen and epithelial lining, especially

in teased preparations, but in section the true structure is easily dis-

cerned.

In the alveoli of the lateral portion of the body, where the cell

limits were least defined, a number of small round, oval or triangular

cells were distributed, principally upon the mai'gin. (PL VIII. Fig..
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11, B). Tliey stain deeply and evenly throughout like the nuclei of

the blood cells or the nucleoli of the ordinary suprarenal cells, but

are larger and more irregular in form. They are most probably small

ganglion cells.

The blood-vessels of the bodies are small and the capillaries do not

seem to be abundant, which explains their pale color. The blood

supply seems no more than sufficient for the nourishment of func-

tionally active organs of their size.* Mr. Weldon 1 lately suggested

that these bodies are probably related to the kidney and perform

some function in connection with the elaboration of the blood.

My observations upon Amiurus, although imperfect, are opposed to

such conclusions. The smallness of the blood supply, the absence

of ducts and of all stored up remains of its action, such as the

brown pigment of the kidney, head-kidney and spleen, or the colloid

matter of the thyroid, and also its structure, mark it off from the

other blood-glands. He further remarks :
" In Teleostei supra-

renals are at all events frequently absent ; or, as I would rather

suggest, they are represented by the greatly metamorphosed head-

kidney described by Balfour. In other cases whex-e suprarenals have

been detected, they have always been attached to the surface of

the kidney." In regard to the first point, we have in the cat-fish a

well developed head- kidney in which the metamorphosis can be

traced and which preserves its relation to the renal-portal system,

and presents the characteristics of a blood-gland. The position upon

the surface of the kidney is no doubt due to the development of the

latter causing it to press upon the body and carry it outward upon

its surface. It is certainly neither connected with the kidney nor

yet with its blood-vascular system in the adult, whatever may be its

developmental relationships.

Certain, other gland-like structures are attached to the walls of the

veins in the body cavity. They were observed in sections of the

head-kidney surrounding the cardinal vein, but are specially abundant

on the portal vein between the spleen and the liver. They are

small white bodies varying in size and form, sometimes appearing

small and rounded upon the side of the vessel, sometimes forming a

* Note.—In teased preparations the blood cells bear a very small proportion to the other cellg.

1 Quart. Jour. Mic. Sc, N. S., Vol. XXIV., p. 176.
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complete ring around it. The largest and most constant of these

bodies lies on the right side between the gall-bladder and spleen and

close to the mesenteric artery. It does not surround any large ves-

sel, but like the rest of these bodies is well supplied with blood.

Where these bodies were cut in sections through the head-kidney

and spleen they closely resembled the suprarenal bodies in their

histological structure, but in sections through others the difference

was quite marked. The most important feature was the presence of

spaces surrounded by a connective tissue wall, and having either a

process or a central mass of the ordinary tissue connected by small

processes with the surrounding wall. The blood-vessels pass to the

centre through these. The interspaces seem to be occupied by a

loose unattached tissue.

It seems probable from the relationship of these structures to the

surface of the veins that they belong to the lymphatic system, and

as I am unable at present to investigate this part of the vascular

system of Amiurus, I shall say nothing further in regard to them.

THE UROGENITAL SYSTEM.

THE KIDNEY.

The kidney has been carefully described in a number of Siluroids

by Hyrtl 1
. Although this organ in Amiurus agrees closely with

these—especially with that of Silurus glanis—it will not be out of

place to give a somewhat detailed account of it in this paper.

It is divided into an anterior lymphatic portion, the ' head-kidney'

and a posterior portion, the functional or true kidney. These two

divisions are separated by the entire length of the air-bladder, around

the anterior and posterior ends of which they mould themselves.

These three organs fill the entire dorsal portion of the body cavity

from the aponeurotic membrane of the pectoral girdle to its posterior

extremity, and present a smooth level ventral surface covered by

peritoneum.

The head-kidney {pronephros), is a paired organ, the two halves of

which are joined by a bridge of gland substance crossing beneath the

first, second and third vertebrae. The bulk of the gland lies above

this bridge, filling the space between the transverse process oi the

1 8itz. Weiner Akd. 1851.
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supraclavicle and the transverse process of the fourth vertebra.

From this thick rounded dorsal portion it gradually thins out ven-

trally and curves backward upon the surface of the air-bladder, thus

becoming convex upon the anterior, and concave upon the posterior

surface. The aponeurotic membrane, which covers it anteriorly,

forms a strong capsule for it by sending its shining fibres into the

peritoneum, which stretches backwards along the oesophagus so as to

cover it ventrally, and. passing over its dorsal surface, is attached to

the transverse process of the fourth vertebra, and then continued

downwards between the air-bladder and the gland. The lateral lobes

of the liver insert themselves between the membrane covering the

head-kidney and the body wall. It is also covered by a delicate con-

nective tissue membrane of its own, well supplied with blood-vessels.

The artery to the head-kidney referred to above enters the connect-

ing portion and divides into two branches, one to each half of the

gland. Judging from their size they cannot do more than supply

nourishment to the gland substance, while the vein from the body

wall which enters at the outer dorsal angle furnishes the blood to be

acted upon. The veins which drain the blood into the posterior car-

dinals appear out of all proportion in number and size to the afferent

vessels. More than twenty openings of these vessels, many of them

quite large, can be counted on the inner surface of the right cardinal.

The frame work of the gland consists of a finely reticulate con-

nective tissue. The interspaces are in places filled with the lymphoid

cells of the glandular pulp, and at others serve as blood spaces. The

areas occupied by the lymphoid tissue and the blood spaces are about

equal. (PI. VIII., Fig. 9.) Brown pigment patches, exactly similar

to those seen, but in greater abundance in the spleen and kidney,

are irregularly scattered through its substance, and increase with the

age of the gland.

The change from the kidney to the lymphoid structure1 was not

completed in the youngest specimens of which sections were cut, for

a few epithelial lined tubules remained in the neighbourhood of the

cardinal veins. A section through the head-kidney, near its anterior

surface, showing these has been drawn by Prof. Wright. (PI. IV.,

Fig. 14, hk.) The figure is reversed and the large right cardinal

vein appears on the left, near the centre of the lobe, surrounded

by the tubuli.

i Balfour—Quat. Jour. Mic. So-., N.S., Vol. XXII., Jan., 1882.
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No portion of the kidney in Amiurus lies above the air-bladder.

The only connection between the head-kidney and the posterior part

is the cardinal veins. Ignorance of the change of function in the

former, no doubt, led Hyrtl 1 to state that the ureters also served to

connect them, but the fact is that all trace of the ureters beyond the

posterior part has disappeared before the metamorphosis of the gland

itself is completed.

The functional kidney (mesonephros) is a single gland measuring

in large specimens of A. catus 25 mm. across the ventral surface

behind the air-bladder ; 35 mm. from its apex to the surface of the

air-bladder; 25 mm. to the posterior point of the air-bladder in the

median line. A dorso- and a ventro-lateral horn fills up the space

between the rounded posterior end of the air-bladder and the body-

wall. The length along the ventro-lateral edge from the apex of the

gland to the point of the horn is 45 mm.

The only indication of the paired character of the gland is to be

found in its ducts and blood-vessels. There is a pair of ureters

which by their numerous branches drain the right and left half of

the kidney respectively, and unite as they leave its posterior point

just at the urinary bladder. In most cases they appear to unite

sooner, even as far forward as the middle of the gland, but in all

specimens examined, the adjacent walls were found to persist as a

partition as far as the bladder.

The urinary bladder is apparently a mere diverticulum of the

ventral wall of the urinary canal. As it always lies upon the right

side of the genital organs and rectum, it must represent the right

horn of the bladder, but there is no rudiment of a left horn present

as found by Hyrtl in Silurus glanis. Its length is about double its

width, but the actual size varies in different individuals. It opens

into the wide urethra, which is about 12 mm. in length, and opens

on a papilla behind the anus.

The large vessels and ducts of the kidney, to which reference has

already been made, occupy the following relative positions : The

caudal vein passes downwards between the ureters, and then gives

off its branches which lie near the ventral surface. Above these are

the paired ureters, and still more dorsj.1 the impair median vein to

the right posterior cardinal. The histological structure of the gland
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does not appeal' to present any peculiarities, and nothing further

need be said regarding it.

THE GENITAL ORGANS.

I have not studied any details in connection with these organs, and

will merely note a few of their general features. They are paired

glands, 65 mm. long, lying along the ventral surface of the kidney

and posterior part of the air-bladder, and attached by a median con-

tinuation of the peritoneum which surrounds them, to the mesentery

close to its junction to the peritoneum covering the kidney and air-

bladder.

The ovaries of the female are cylindrical in form, bluntly pointed

at both ends. The ova-duct is a large passage in the centre around

which the ova are developed from the entire wall, but more abun-

dantly along the median side. The ova, seen through the thin trans-

parent membrane of the organ, give it a bright yellow color.

The testes are greyish-white in colox*, flattened in form, with a

straight median edge along which the vas deferens lies, while the

lateral edge is broken into a great many small lobes.

The genital ducts join to form a common median duct. In the

female this opens on a papilla between the urinary opening and the

vent, but in the male it joins the urethra and opens with it on a

common uro-genital papilla.

These papillae, upon which the openings of intestine and the urinary

and genital-ducts are situated, ai'ise in a longitudinal median depres-

sion, 15 mm. in length and very shallow. The papillae and the sur-

rounding depression are remarkable for the richness of their blood

supply.

The above arrangement of the uro-genital ducts is exactly similar

to that described by Wiedersheim as most common among the Tele-

ostei.

The blood supply to these organs has already been referred to. The

trunk stems run in the median line, giving off, at intervals, lateral

branches, which run parallel to one another across the attaching peri-

toneum to the glands. The vessels divide into a dorsal and ventral

stem which supplies or drains respectively these halves of the organs.
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EXPLANATION OF THE PLATES.

PLATE I.

Fig. 1.—Vertical section of the skin of Amiurus from the lateral region of

the trunk.

Zeiss D, Oc. II., cam. luc.

pc. pigmentary layer of corium.

p. palisade cells of epidermis.

s. spindle-shaped intermediate cells.

cl. clavate cells.

p.e. interepithelial pigment cells.

m. mucous cells.

Fig. 2.—Vertical section from skin of dorsal surface of head. Zeiss A, Oc. II.,

cam. luc. fc. fibrous ; ac. adipose layer of corium
;
pap. papillae

;

cl. points to a clavate cell projecting beyond the level of the
epidermis.

Fig. 3.—Vertical section of abnormally thickened skin as described in text.

pap. points to one of the branched papillae.

Figs. 4, 5, 6.—Dorsal, ventral and lateral aspects of cephalic end of young
Amiurus to show the openings of the mucous canals.

Fig. 7.—Vertical section of supraorbital mucous canal of young Amiurus
(25 mm.) Zeiss H. I. ^th, Oc. II., v. Text.

Fig. 8.—Horizontal section through a macula acustica neglecta from a fish of

similar size under same enlargement, ot. otolith ; sc. spindle-

celled cartilage ; v. vessel.

Fig. 9.—Auditory labyrinth from medial aspect, a.s. a.h. ag. ampullae of the
sagittal, horizontal, and frontal semicircular canals ; lap. as. sag.

lapillus, asteriscus and sagitta in the recessus utriculi, lagena

cochleae, and sacculus respectively.

Fig. 10.—The same from lateral aspect—osmic preparation—showing the
branches of the Rr. anterior and posterior of the auditory
nerves.

1. Ramus ampullae sagittalis.

2. R. amp. horizontalis.

3. R. recessus utriculi.

4. R. neglectus.

5. R. amp. frontalis.

6. R. lagense.

7. R. sacculi.

Fig. 11.—Partes inferiores of both sides, with the amp. front, from above to

show the relation of the R. sacculi to the duct, endolymph (d.e.)

and sinus impar. (s).

Fig. 12.— Right nasal sac, natural size, opened from above, ap. ant. and
post, anterior and post narial apertures.
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PLATE I.—(Continued).

Fig. 13.—Dorsal aspect of adult brain.

Fig. 14.—Ventral aspect of adult brain.

CH.—Cerebral hemispheres.

LO.—Optic lobes.

CB.—Cerebellum

TA.—Tuberculum acusticum.

LT.—Lobus trigemini.

LV.—Lobus vagi.

LI.—Lobus inferior.

1, 2, 3, &c, indicate the planes of the sections of the brain num-
bered 1, 2, 3, &c. on Plate V.

Olf. Tr.—Olfactory tract.

N. II. . III. , IV., (be.—Optic, third, fourth nerves, &c.

N. VIII. ant. and post.—R. ant. and post, of auditory nerves.

N. sp. I.—1st spinal nerve.

R. lat. V.—Ramus lateralis trigemini.

R. ot.—Ramus oticus.

R. op. s.—Ramus ophthalmicus superiicialis.

R. op. p.—Ramus ophthalmicus profundus.

R. c.—Ramus ciliaris.

R. max-mand. and fac.—R. maxillo-mandibularis and facial.

Fig. 15.—Lateral aspect of brain to show origin of nerves. Additional letter-

ing:

R. b.—Ramus buccalis.

SL.—Supero-lateral strand of trigeminal complex.

IM.—Infero-medial strand of trigeminal complex.

G. IX.. G. X.—Ganglia of the glossopharyngeus and vagus re-

spectively.

Fig. 16.—Lateral aspect after removal of the Gasserian ganglion to show points
of emergence of the roots of the fifth.

Vag. I,—Anterior root of the vagus group.

Fig. 17.— Medial aspect of the Gasserian ganglion with its branches in situ.

6—Smaller dorsal branches of the trigeminal complex.
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THE OSTEOLOGY OP AMIURUS OATUS. 447

PLATE II.

Fig 1.—Surface view of skull of Amiurus catus. A «=adnasal, Eeth=ecteth-
moid, EpO=e])iotic, Fr= frontal, Hmd - hyornaudibular, I0p=
interoperculum, MEtk — mesethmoid, ilf7i=mandible, JfP£=meta-
pterygoid, ilfcc=maxilla, ZVa=nasal, Op= operculum, Pa= pala-

tine, Pmx—premaxilla, P?-0/?=preoperculum, P£0=pterotic, Qu=
quadrate, 5W=supraclavicle, #0=supraoccipital, &r

/;j0=sphenotic,
iZ=membrane bone in fascia of add. arc. pal.

Fig. 2.—Cranium of Amiurus catus seen from the side and slightly from be-
low. In addition to certain letters used in Fig. 1, there are the
following :—<4s=alisphenoid, PO=basioccipital, ExO = exoccipi-
tal, Pa§=parasphenoid, Pr/=ectethmoid, PrO - prootic, VO=
vomer, VIII. =foramen for glossopharyngeal, IX.=foramen for

vagus.

Fig. 3.—Lower half of left branchial arches of Amiurus nigricans. Cbr
1 , 5

^=
ceratobranchials 1-5, Gp t 4=copuhe 1-4, iP'r 1 _ 4 =hypobranchials
l^t, P/(,/=pharyngeum inferius.

Fig. 4.—Upper half of right branchial arches of Amiurus nigricans from
above. l£&r14=epibranchials 1-4, P6r 2^ 3 =pharyngobranchials 2
and 3, j

pro=process of epibranchial 3, PA<S'=pharyngeum superius.

Fig. 5.—Posterior vertebra; and arches of A. nigricans. _$"
1 ^ 6=neural arches

and spines, i7T6 =rhfemal arches and spines, A and P=two lower
haemal arches without centra, C. D, E and P=four upper hasmal
arches without centra, iVS=osseous sheath of notochordal filament.

Fig. 6.—Pectoral arch of A. catus. .M"C7=mesoclavicular portion ; Id—infra-
clavicular portion ; Cor=coracoid ; &c=scapular portion ; ap, mp,
ip=anterior, median and inferior process of mesoclavicle ; wp=rrod-
like process of coracoid

;
/or=foramen between coracoid and sca-

pula ; .s-r7=semicircular groove on mesoclavicle for first ray ; r=
ridge in coracoid ; 6r=bridge-like process on coracoid which arti-

culates with infraclavicle ; .sp=bridge-like spiculum.

Fig. 7.—Anterior ray of pectoral fin of A. catus. »SV=semicircular ridge, ; tps

and <p£—superior and inferior terminal processes.

Fig. 8.—Transverse section through the pterotic region of a very young A.
catus. P<9£=pterotic cartilage ; Int=integument ; He^horizontal
semicircular canal ; HM= hyomandibular cartilage ; MG=mucous
canal with a ring of bone around it.

Fig. 9,—Longitudinal section through the anterior portion of the mandible of

a very young A. catus. Mck= Meckel's cartilage ; 7'=teeth ; cp=
cement plates ; Pc=perichondral bone ; i/(7=mucous canal with
ensheathing bone.

Fig. 10.—Transverse section througn a very young A. catus, immediately in

front of the dorsal fin. The lateral musculature has been omitted.

hit—integment
; %>—anterior portion of horizontal plates of dorsal

fin (1st ray) ; Isp 1 3—interspinalia 1, 2 and 3 ; Spp±—spinous
process of fourth vertebra ; 77

jp 1=expanded transverse process of

fourth vertebra ; ^V^4.5=neuralarch of fifth vertebra; NC=noto-
chord ; N— nervous cord ; Ao — aorta ; ilfsc=muscle.
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PLATE III.

Fit!. 1.—Head of Amiurus Catus, after removal of the integument and super-

ficial fascia. Pmx= premaxillae ; Na =r nasal ; AnA = adnasal

;

^i/t=Mesethmoid ; Pr/=Ectethmoid ; Pr=Frontal ; SO=Supra-
occipital ; Pa1=Palatine ; Mx=Maxilla ; il>ftt=Mandible

;
Qu=

Quadrate ; Op = Operculum ; i>r.s^=rBranchiostegal rays ; 2£=Eye ;

S. 06=Superior oblique ; E. R. & 5. i?.=External and Superior
Recti.

AM=Adductor mand. ; A T=Add. tentaculi ; LAP—Lev.
arciis pal. ; LOp=Lev. operc.

Fid. 2.—Same as preceding, but with add. mand. removed. In addition to

certain letters in preceding figure the following occur : J£cPt=No.
4 ; MPt and i7?iPiI:=portions of the Metapterygoid ; P/=Sphenotic;
P<0=Pterotic.

AdT=Add. tentaculi; Dll. Oj?.=^Dilat. operculi.

Fig. 3.—Under surface of head of A. Catus. G.ff^Ceniohyoideus ; Hh1 =
upper yortion of Hyohyoideus ; Hh2 = lower portion of Hyohyoi-
deus ; Tm= Intermandibularis ; ft and ti 1 = tendinous bands to

extremities of which tentacles are attached.

Fig. 4.—Under surface of branchial arches of A. Catus, the hyoid being
removed. C.flfy=Urohyal ; iTi/Jff=Hypohyal ; I., II., III., IV.,

V.=Branchial arches.

HyP—Cut ends of the Hyopectoralis ; i/i?r=main portion of

Hyobranchialis ; HBr1 = slip of same to Ceratobr. iii . ; HBr2 —
slip to Ceratobr, iv. ; HBr3 = slip between Ceratobrs. iii, and iv.

;

I7i?r4 = slip between Ceratobrs. iv. and v. ; T'F^and TV 2= an-
terior and posterior Transv. vent.; PAifo;=Pharyngo-clav. exter-

nus ; Phln—Pharyngo-clav. internus ; Ob V 1 = and ObV2 = first

and second Obliqui Ventrales.

Fig. 5.—Transverse section (partly diagrammatic) through the pectoral arch,

slightly ventral to the articulation of the tin. (This and the suc-

ceeding figure are in reversed position, ths clavicle should be be-

low. ) C7=Clavicle ; Cor—Coracoid : the letters point to the
bridge articulating with the Clavicle ; sp=Spiculum on Coracoid

forming a bridge over Add . prof. ; A bP1 = first portion of Abd.
prof. ; AbP2 = second portion of same ; AbS1 = first portion of

Abd. Sup.; AbS'2 = second portion of same ; AdP—Add. prof.

Fig. 6.—Transverse section of pectoral arch some distance nearer the median
line than fig. 5. Letters same as in preceding figures.

Fig. 7.—Ventral musculature of ventral fin. VM 1 &nd VM 2= median and
external portions of ventral musculature of the trunk ; F-4=apon-
eurosis of ventral musculature of trunk ; JW/S^adductor superfic.

pelvis ; C— cartilaginous horseshoe of pelvic arch ; VF= ventral

fin.

Fig. 8.—Superficial and intrinsic muscles of the caudal fin. Crf—dorsal con-

tinuation of caudal fin ; 7<=intrinsic muscles ; My1 and My2 =
upper and lower prolongations of myocomma ;/= fascia ; LL=
lateral line.

Fig. 9.—Deep muscles of the caudal fin. Z>=dorsal portion; V 1 and V s

=upper and lower divisions of ventral portion ; ci=connective
tissue.
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PLATE IV.

Figs. 1, 2, 3, represent dissections of the fifth nerve of the right side from
the roof of the mouth, of which 1 is the most superficial (ventral),

and 3 the deepest (most dorsal). To expose the 3rd and 6th nerves
and the ramus buccalis, as seen in Fig. 2, it is necessary to cut the
superodateral and infero-medial strand, turning forwards the
nerves to which they give origin. In Fig. 3 the 3rd and 6th nerves
have been removed to show the cutaneous branches of the Rr. add.
mand. and buccalis, as well as the branches of the R. ciliaris and
opthal. profundus. The dotted lines in Fig. 3 indicate the
boundaries of the adductor mandibular, AM; levator arcus pala-

tini, LAP ; and dilatator operculi, DO.

FiO. 4.—Dissection of same nerves represented in Fig. 6 from dorsal surfaces.

1. Branch of R. oph. prof, to middle line nose. 2. Along
medial border nasal sac. 3. To nasal barblet. 4. Along outer
border nasal sac. 5. To fat, &c, in front of eye under origin of
lev. arc. pal. 6. Is the chief branch of R. ciliaris. 7. The cut-
aneous branch of R. buccalis. 8. Of R. add. mand., with which
are connected the muscular branches for lev. arc. pal. and dil. op.

9. Branch for muscle of maxillary barblet. 10. For add. mandib.

Fig. 5.—Diagram of brachial plexus.

An, JST*, N3
, iV*, &c. 1st, 2nd, 3rd, 4th, spinal nerves, of which

the first four enter into the formation of the brachial plexus.
Description of branches in text.

Fig. 6.—Diagram of Rr. dorsales and ventrales of the spinal nerves. Two
vertebra? are represented by dotted lines.

Rmv. Branches for ventral musculature.

Rmp. & s. Branches from plexus supplying the deep and super-
ficial muscles of the anal fin. The infracarinales are supplied by
branches similarly derived to those marked E.m.s.

Fig. 7.—The first 8 vertebrse from the latero-ventral aspect.

ao points to the aortic canal opposite the point of junction of

the 4th and 5th vertebrae, o.o., the oblique, c.o., the cres-

centic ossifications referred to in the text. Tr., the transverse
processes or costiferous pedicles of the anterior vertebra;. V.,

VI.. VII., &c. Bodies of the fifth, sixth and seventh vertebrae.

Fig. 8.—Longitudinal vertical section of adult near middle line.

I., II. , III., &c. Centra of 1st, 2nd, 3rd, vertebra;. i£.0., exoccipi-

tal. B.O., basioccipital. S.O., supraoccipital spine. Sp. III. &
IV. Xeural spines of the 3rd and 4th vertebras. 1, 2, 3, 4, &t.

Points of emergence of the 1st, 2nd, 3rd, &c, pairs of spinal

nerves. Fov., in the fovea sacculi ; directly above it is the opening
into the cavum sinus imparis, on the osseous roof of which 1

stands. The black spot above BO indicates the apertura interna
of the atrium sinus imparis. The membranous roof of the cavum
being removed shows the stapes and claustrum in the jjosition

indicated in 8a to the right of the figure.

Figs. 9, 10, 11, 12, 13, are horizontal sections through the cephalic end of a
fish of 3-4 cm. in length, of which 9 is the most dorsal. 9 and 10
are merely intended to show the relations of the claustral cartilages

to the cartilaginous cranium and roof of the spinal canal.

Fig. 11.

—

Tz , M. trapezius. Sc. , supraclavicle. Tsc, trans-

verse process of supraclavicle. 7V4
., transverse process of 4th

vertebra. Sp., saccus paravertebralis. Asi., atrium sinus imparis.
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PLATE IV.—{Continued).

CI., claustrum. S., 'stapes.' 2, 3, 4, dorsal roots of 2nd, 3rd and
4th spinal nerves with their respective ganglia. 1 the position of

the first spinal ganglion which does not appear in this section.

A 3
., the arch of the 3rd vertebra. Ms., medulla spinalis. Ap.,

Ampulla frontalis.

Fig. 12.— Th.. thymus. Lb., most posterior of the levatores

branchiarum. R. lat. vag., points to the root of the vagus in con-

nection with which is seen the portion of the ganglion trunci

which gives off the ramus lateralis. Si., sinus impar. or saccus

endolymphaticus. Csi., in the cavum sinus imparis pointing to the
osseous lateral wall of the cavum. i., the 'incus.' m., the
'malleus.' Asi., points to the atrium sinus imparis, as bounded
by the spoon-shaped process of the ' stapes ' s. , and lies on the
thickened patch of dura mater which is seen in vertical section

in Fig. 14. I., II., III., IV., stand on the middle points of the

centra of the 1st, 2nd, 3rd and 4th vertebras. Ab., in the cavity

of the air-bladder points to its union with the posterior end of the
malleus. Vcid. , vena cava inferior dextra.

Fig. 13.

—

Gc, the gill cavity and its opening on the left side.

EGc, epithelium of the roof of the gill cavity. De., duct, endo-
lymph. As., asteriscus in the lag. cochlear. Csi., in the cavum
sinus imparis points to the basi-occipital and the exoccipital cartil-

ages resting on it. G. IX. & X., ganglia of glossopharyngeus and
vagus.

Figs. 14 and 15, are from vertical sections through fish of same age as the

foregoing horizontal sections, of which 15 is the more anterior.

(E ., oesophagus. Mc, mucous canal in postfrontal. R. lat. V.,

ram. lateralis trigeinini. Cp., canalis frontalis. Lc, lagena

cochlear. *S'., sacculus. Ao., aortas at sides of which are the

sympathetic ganglia, The sections are slightly oblique, so that the

right sides represent planes somewhat posterior to the left. The
thymus is seen on the one in continuity with the epithelium of the

gill cavity, on the other its posterior end is seen wedged in between
the trapezius muscle and the levat. branch, post.

Additional letters in 14.

Lc, lateral mucous canal in section. Hk., head-kidney. L.,

liver. R. lat. va., ram. lat. vagi in section as it crosses the

transverse portion of the supraclavicle. Bo., Basioccipital. 0c,
occipital cart., above which is the supraoccipital spine. D.M.,
dorsal musculature attached to the posterior surface of the skull

on either side of the foramen magnum.

For additional lettering, see foregoing figures.

FiG-s. 16, 17, 18.—The otoliths, sagitta, asteriscus and lapillus, x 6.
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PLATE V.

Hepresents 20 frontal sections through brain of adult Amiurus, the planes of

which are indicated in Figs. 13 and 14, Plate I. The anterior sections are

slightly oblique.

Aq. S.—Aqueduct of Sylvius.

C. H.— Cerebral hemisphere.

G. H. L.—Lateral lobe of hemisphere.

Com. ace.—Commissura accessoria of Mauthner.

Com. ant.—Commissura anterior.

Com. cer. inf. —Commissura cerebri inhma of Haller.

Com. post.—Commissura posterior.

Com. trans.—Commissura transversa Halleri.

Cor. Cer.—Cortex of Cerebellum.

Cor. Val. Cer.—Cortex of valvula cerebelli.

Epi.—Epiphysis

.

G. H.—Ganglion Habenulae.

G. I.—Ganglion iuterpedunculare of Gudden.

Lob. Tri.—Trigeminal lobes.

Lob. Vag.— Vagus lobes.

L. I.—Lobus inferior.

L. L.—Lateral longitudinal fasciculi.

L. 0.—Lobus opticus.

M. B.—Bundles of Meynert.

M. F. —Fibres of Mauthner.

Mol. Cer.—Molecular layer of cerebellum.

N. //.—Opticus.

N. III.—Oculomotoriiis

.

N. IV.—Trochlearis.
N. V. asc.—Ascending root of fifth.

-N. V. gen. d.—Dorsal geniculated root of fifth.

N. VII.—Facialis.

N. VIII.—Auditory.
Nucl. Sj>. I.—Nucleus of 1st spinal.

Nucl. Vag. II. M.—Nucleus of motor root of posterior part of vagus
group.

01.—Olfactory tract.

Op. Chi.—Optic chiasma.

Pd.—Peduncle of cerebral hemisphere.

R. ac. V.—Root of fifth from tuberculum acusticum.

R. ac. Vag. I.—Root of vagus group from tuberculum acusticum.

-Sec. V. T.—Secondary vago-trigeminal fasciculus.

T. L.—Torus longitudinalis.

T. 0.—Tectum opticum.

T. S.—Torus semicircularis.

Tr. 0.—Optic tract.
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PLATE V.—(Continued).

Tr. Cer. ad LI.—Tractus cerebelli ad lobum inferiorem.

Tub. Ac.—Tuberculum acusticum.

Tub. Cin.—Tuber cinereum.

VLI.—Ventriculus lobi inferioris.

VLO.—Ventriculus lobi optici.

V. III.—Ventriculus tertius.

V. IV.—Ventriculus quartus.

Vent. com.—A^entriculus communis.

Vag. I. <& II., S. <k M.—Sensory and motor roots of the first and seconds
parts of the vagus group.

Val. Cer.—Valvula cerebelli.
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PLATE VI.

BO.—Basi-occipital.

G. I.—Centrum of 1st vertebra.

D M.—Dorsal musculature.

E O.—Exoccipital.

L. tri.—Trigeminal lobes.

L. vag.—Vagus lobes.

jV. VIII. post.—Posterior division of auditory nerve.

R. ac. vag. I—Acustic root of vagus.

R. lag.—Ramus lagena? cochlear

R. lat. V.—Pvamus lateralis trigemini.

R. sac.—Ramus sacculi.

T. A

.

—Tuberculum acusticum.

Vag.—Vagus nerve.

as.—Asteriscus.

asi.—Atrium sinus imparis.

cr.— Crest of basi-occipital between fovea? sacculi.

cl.—Claustrum.

d 1 2 3—Dorsal roots of 1st, 2nd and 3rd spinal nerves.

de.—Ductus endolymphaticus.

dm.—Patch of dura mater on basi-occipital and upper surface of

first vertebra.

dus.—Wall of ductus utriculo-saccularis.

fr.—Frontal semi-circular canal.

fr. a.—Ampulla of semi-circular canal.

fs.—Fovea sacculi.

in.—Incus.

lag.—Lagena cochleae.

na I.—Neural arch of 1st vertebra.

mall.—Malleus.

s.—Sagitta.

sac—Sacculus.

sc.—Saccus endolymphaticus.

sp.—Saccus paravertebralis.

St. ant.—Anterior spoon-shaped process of stapes.

st. art.—Articular process of stapes.

st. asc.—Ascending process of stapes.

St. t.—Tendon attaching incus to stapes.

u.—Utriculus.

v i 2 s—Ventral roots 1st, 2nd and 3rd spinal nerves.

Figs. 1-11 represent selected sections from a frontal series through the part

surrounding the central nervous system of Amiurus from the posterior face of

the first vertebra as far forward as the suture between the ex-occipital and

the prootics.

Yia, 1. The dorsal and ventral roots of the third spinal nerve piercing the

membranous wall of the neural canal, which is lined by the dura

mater vertebralis, while the spinal cord is closely invested by



454 NERVOUS SY.STEM AND SENSE ORGANS OP AMIURUS.

PLATE VI.—(Continued).

the dura mater medullaris. Between these two membranes is

the characteristic loose adipose tissue. The roof of the neural
canal is here formed by cartilage which has largely undergone
ossification both from the centre and the perichondrium. It is

invested on the outside by the membrane bone in continuity

with the third spinous process. The dorsal musculature lies

above the anterior part of the tranverse process of the fourth
vertebra and the saccus paravertebralis which contains the mal-
leus. ( Vide Fig. 4).

FiG. 2.—Through the ventral roots of the second nerve (further back than the
dorsal) (vide Fig. 8, PI. IV.) which emerge behind the ascending
processes of the stapes (right side is somewhat further back-
wards). Between the neural arches of the first vertebra is the
thickened patch of dura mater which furnishes the membranous
wall of the neural canal as well as the dura mater medullaris.

Yiq. 3.—Shows the dorsal roots of the second spinal nerve emerging above
the ascending processes of the stapes. The neural arches of the

first vertebra are seen as the articular processes of the stapes.

The ventral roots of the second are seen in a canal of dura mater
in their backward course towards their foramina. The anterior

spoon-shaped process of the stapes is caught just behind the

atrium sinus imparis.

Flo. 4—Is through the middle of the atria sinus imparis, the partition be-

tween which is formed by the thickened dura mater which is in

continuity with the connective tissue surrounding the stapes,

and that on the outside of the claustra. The separation of the

layers of dura mater is less complete, but in the dorsal part of

the spinal canal the medullary can be distinguished from the

vertebral layers and between them the rest of the membrane is

continuous with the loose adipose tissue. The tips of the claus-

tra project slightly from above into the atria sinus imparis. The
whole of the saccus paravertebralis containing the oily reticular

tissue is seen in section, the malleus and incus being connected

to the stapes by tendon.

Fig. 5.—The basi-occipital is here only exposed for a small portion in the

middle line owing to the ex-occipitals abutting on it. The section

passes through the communication between the cavum and atria

sinus imparis, the partition (dm. of last figure) being only

caught above. The atria open above into the reservoir (rsi).

The lateral wall of the neural canal is formed by the connective

tissue separating the claustra from the ex-occipitals.

Fig. 6.—The reservoir appears in this section, which passes through the

foramen magnum, slightly bilobed. The dorsal and the ventral

roots of the first nerve are caught in the bony canal through

which they emerge. The cavum sinus imparis is cut behind the

saccus endolymphaticus. It contains only fluid like the atria

and reservoir, no reticular tissue. The posterior surface of the

lagena cochleae is just caught. The osseous roof of the cavum
thins out before it joins the patch of dura mater.

Pig. 7.—

J

Ust behind the vagus foramen, and through the strong ventral roots

of the first spinal nerve, the membranes of the brain have here

the features characteristic of the cranial cavity. The osseous

roof of the cavum sinus imparis is somewhat thicker, its walls

much thinner. It contains here the thin walled saccus endolym-

phaticus. In the foveae sacculi is the section of the pars inferior
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PLATE VI.—(Continued).

of the labyrinth, in which the outlines of the asteriscus (as) and
sagitta (s) are shown resting on the macula acustica lagence cochlea;
and macula acustica sacculi.

Fig. 8.—Is through the ductus endolymphaticus which connects the sacculi.

It lies in the entrance to the cavum sinus imparis whose osseous
roof here slopes downwards so as partly to close the entrance.
The sacculi communicates here with the lagence cochlea;. The
wall of the labyrinth below is attached to the crest separating
the foveae sacculi. The relative position of lagenar and saccular
branches of the auditory nerve is well seen. The right side of
the section is immediately behind the vagus foramen, and catches
the ampulla of the frontal semi-circular canal.

Fig. 9.—Shows the section of the sacculi in front of the ductus endolym-
phaticus ; the anterior wall of the ductus is also attached to the
crest. The ventral surface of the medulla oblongata is separ-
ated from the labyrinth by a layer of adipose tissue. The solid
wall of the labyrinth in which the ductus sacculo-utricularis is

excavated stretches upwards and outwards along the thickened
exoccipital.

Fig. 10.—Cuts the labyrinth immediately behind the ductus sacculo-utricu-
laris (dus). On the lateral wall of the utriculus is one of the
macula, neglectce. The crest separating the foveae sacculi is now
much wider.

Fig. 11.—For the region of the brain in the section vide Fig. 3, PL V. The
utriculus is cut behind the recessus utriculi. The posterior divi-

sion of the auditory nerve with its interpolated ganglion-cells is

not yet subdivided into Rr. lagenae and sacculi. The anterior
tips of the sacculi are about to enter the small cavities in the
prootics which receive them ; they are surrounded by delicate
tubes of dura mater.
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PLATE VII.

Eigs. 1-12 are from Amiurus catus ; Fig. 13, from A. nigricans.

Fig. 1.—Epithelium of the mucous membrane of the mouth, the section

being from near the tongue ; a, a clavate cell ; b, slime cells.

Magnified about 400 diameters.

Fig. 2.—A transverse section of the wall of the ojsophagus showing the
arrangement of its coats. Low power.

Fig. 3.—Superficial epithelium of cesophagus isolated by maceration in a
mixture of serum and Midler's fluid. Magnified 440.

Fig. 4.—Epithelium and glands of the stomach, hardened in Midler's fluid.

Magnified 235."

Fig. 5.—A peptic gland of young cat-tish four hours after swallowing food.

Treated with osmic acid and alcohol. Magnified 590.

Fig. 6.—Superficial epithelium of pylorus ; a, crypt forming one of the so-

called pyloric glands. Hardened in Muller's fluid. Magnified 235.

Fig. 7.—A transverse section of the wall of the midgut showing the various

coats ; s, the serosa ; mo, the outer or longitudinal muscular coat

;

mi, the inner circular layer of muscle fibres ; sm, the submttcosa ;

mm, muscularis mucosas ; m, the mucosa. Low power.

Fig. 8.—Superficial epithelium of the midgut isolated fresh in serum. Oc. 4,

Imm. obj. H, Zeiss.

Fig. 9.—Fresh epithelium of endgut teased out in serum. Oc. 4, obj. H,
Zeiss.

Fig. 10.—A portion of a section of the liver showing the radial capillaries cut
transversely

; gc, gall capillary filled with indigocarmine by natu-
ral method, and shown here by the broad black line ; rv, radial

vessels of the lobule
;

gt, a hepatic cylinder surrounded by the rad-

ials and their transverse branches, with the gall capillary in the
centre. Magnified 590.

Fig. 11.—A section of a smaller division of the portal canal ; V.P., interlobu-

lar veins
;
gd, gall ductlets ; ha, hepatic artery

;
pt, pancreatic

tubules. Magnified 440.

Fig. 12.—A pancreatic tubule showing the condition some time after food is

taken. Magnified 590.

Fig. 13.—Diagram showing the relation of the gall-bladder and duct to the
pancreatic duct ; dhc, hepato-cystic ducts ; dp, pancreatic duct

;

dc, ductus choledochus.
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PLATE VIII.

Figs. 2, i, 5, 6, 9, 11, 12, Hartnack Ob. 8, Oc. 2, mm. luc. Figs. 4, S,

06. 4. Fig. 10, Ob. 2.

Fig. 1.—I., II., III., IV., 1st, 2nd, 3rd and 4th branchial veins; c. ex., ex-
ternal carotid; c. in., internal carotid; ps., pseudobranchia ; n.,

branch of internal carotid to the nasal cavity ; br. c, cut edge of

the floor of brain case removed to show {ant., med., post.) anterior,

median and posterior arteries to brain ; sc, artery to pharynx,
&c. ; ao. des., aorta descendens ; h. k., artery to head-kidney

;

c. m., coeliaco-mesenteric.

FlG. 2.—Pseudobranchia

—

a., part of wall of internal carotid ; b., openings
into the surrounding tissue ; c, artery.

Fig. 3.—From the same section

—

a., arteries ; b., spaces from which they
arise ; c. , blood-cells in interfibrillar spaces.

Fig. 4.—From a section of spleen of young fish—c, capsule ; m. c, Malpi-
ghian corpuscle, with m. a. its artery

; pg., pigment granules
; p.,

pulp.

Fig. 5.—Same as the last—a., artery ; x., spaces between artery and tissue

of Malpighian corpuscle, m.
; p., pulp ; v. s., venous sinuses of

pulp
; g., pigment granules.

Fig. 6.—Malp. corp. from spleen of old fish

—

a., arteries ; i., interconnec-
tive tissue of M. corpuscles, with blood-cells in its interspaces.

Fig. 7.—Cells of spleen from Midler's fluid prep.

—

a., adenoid connective
tive tissue cells ; b., pigment cells with granules ; c, blood-cells ;

d., lymphoid cells of Malp. corpuscles.

Fig. S.—From section of thyroid gland

—

tr. is placed in lumen of truncus
arteriosus, cut at the origin of the stem of the 3rd and 4th pairs

of branchial arteries ; v., veins ; vc, vesicle with granular con-

tents ; vc, vesicle filled with colloid matter
; p., pigment.

Fig. 9.—From section' of head-kidney to show the pulp tissue and the
venous sinuses.

Fig. 10.—Section of s.r., suprarenal body imbedded in the substance of the
kidney, k.

Fig. 11.—Lobules of suprarenal body

—

A. to show the common form and
arrangement of the nucleated granular cells ; B. lobules with in-

distinct cellular outlines, but distinct nuclei, and deeply stained
structures (figured black) usually pointed triangular, supposed to
be ganglion cells.

Fig. 12.—Cells of lobule, Midler's fluid prep.
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ON

DEMODEX PHYLLOIDES, (CSOKOR,)

IN THE SKIN OF CANADIAN SWINE.

BY R. RAMSAY WRIGHT, M.A., B.Sc,

Professor in University College, Toronto.

In the American Naturalist for December, 1882, I announced the

discovery of this Demodex in pieces of pork-skin submitted to me
by Mr. R. Awde, Inspector of Food for the City of Toronto. The

portion of skin was thickly studded with white tubercles, varying in

size from a pin's head to a pea ; these did not project much above

the surface of the epidermis, but on reflecting the skin the larger ones

were seen to extend into the subcutaneous tissue. The tubercles are

enlarged sebaceous glands filled with hundreds of mites in various

stages of development. The parts of the body chiefly affected are

the mouth, cheeks, flanks, belly, and inner surfaces of the legs.

Mr. Awde asserts that one in twenty of the pigs sent in to market

in Toronto during the pork season, are affected to a greater or less

extent with this cutaneous parasite. In view of such frequency it

is somewhat singular that its occurrence has not hitherto l
- been

recorded elsewhere, except by Dr. J. Csokor, of the Veterinary

Institute at Vienna, Austria, who found in 1879, a herd of swine

from Galicia affected in this manner, and described the Demodex

causing the disease as a new variety, I), phylloides.

The skin in these swine was, however, much more seriously

affected, the collections of mites in the glands having caused the

formation of subcutaneous abscesses frequently as large as a hazel-

nut, which in one or two cases had become confluent on the inner

surfaces of the legs. Mr. Awde has never observed any such cutane-

1 After publishing the note in the American Naturalist, I learned that Dr. A. J. Johnson, of

this city, to whom Mr. Awde had submitted specimens of affected skin, had sometime ago

recognized the parasite as a Demodex, and mentioned the fact of its occurrence at the meeting

of the American Microscopical Society, 1881.

20
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ous abscesses. As the parasite is confined to the skin, and .does not

appear to affect the general health of the animal, he has merely

ordered the removal of the skin from the parts involved, a precaution

which is entirely sufficient to render the flesh useful for food.

My observations have served to establish the complete agreement

of my specimens with those of Csokor. I have accordingly concluded

that a synopsis of his paper, which is probably accessible only to a

few of those who may be interested in the matter, with a copy of his

excellent figures, may stimulate enquiry into the distribution of this

parasite in America, and perhaps into the means best adapted to

hinder its attacks becoming so formidable as represented by Dr.

Csokor.

Dr. Csokor's paper considers :

1. The history of hair-sac mites in general.

2. Their systematic position.

3. The natural history of D. phylloides in particular.

4. Its occurrence and mode of life.

1.

—

Species op Demodex occur in the sebaceous glands and hair

follicles beside the nose in man, occasion forms of mange in dogs

and cats, and have been recorded (but merely in isolated cases) from

the sheep, horse, ox, and Surinam bat. The best known forms have

been distinguished by Megnin as three varieties

:

D. folliculorum hominis.

D. folliculorum canis.

D. folliculorum cati.

A good many experiments have been made with a view to ascer-

tain whether the Demodex of the dog is capable of being transferred

to man, and vice versa, and although some results appear to render

likely the possibility of both methods of transference taking place,

yet the weight of evidence unquestionably points the other way.

The mode of occurrence of the Demodex of the dog is so totally

unlike that of the Demodex of man, that apai't from difference in

form and size, we would be inclined to suspect a difference of at any

rate varietal value. In man the Demodex is found on the hairless

parts of the face and is perfectly harmless, in the dog it is found in

the hairiest parts and brings about a troublesome and often fatal

cutaneous disease. Experiments, however, as to transference can

hardly be depended upon, for although it is quite certain that the
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Demodex may be conveyed from dog to dog, yet experimental

attempts to prove this have failed, and very often one dog in a

kennel may be affected, and, although mingling freely with the

others, may be powerless to infect these.

2.

—

Systematic Position.

After discussing the results of previous observers as to the

anatomy of Demodex, he concludes under his second heading that

five well marked varieties may be distinguished, all referable to that

genus, viz. :

D. folliculorum hominis.

D. folliculorum canis.

D. folliculorum cati.

D. phyllostomatis {Leydig).

D. phylloides (C'sokor).

The genus he regards with Koch as forming an independent

Family of the Acarina the Dermatophili.

3.

—

Natural History of D. Phylloides.

The form of the body and its division into three regions, head,

thorax and abdomen (the last distinguished by the absence of

appendages and of the chitinous framework present in the thorax),

may be studied in Figs. 7 and 8.

The result of a series of comparative measurements shows :

1. That D. phylloides (length, male 0.22 mm., female 0.24—0.26 mm.

)

reaches the minimum length of D. canis, but never that of D.

hominis.

2. Head and thorax are together equal in length to the abdomen,

while in D. canis they only form a third of the whole length of

the body, and in D. hominis only a fourth.

3. D. phylloides is comparatively almost twice as broad as D. canis

or hominis.

4. The head in D. phylloides is absolutely both longer and broader

than that of either D. canis or hominis, a circumstance which

renders the analysis of the appendages of the head easier in this

species.

5. The egg is more oval than spindle-shaped, and both it and the

larval stages are longer and broader than the similar stages in

D. canis and hominis.

6. There is more difference between D. phylloides on the one hand,

and D. canis and hominis on the other, than there is between

these two last-mentioaed varieties.
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The Skin.

In the abdominal region the cuticle is transversely striated, an

appearance which Csokor attributes to segmentation. In the head

the cuticle is not so closely applied to the underlying parts as in the

rest of the body— a clear margin resulting, to which Megnin has

applied the term epistome. In the thoracic region the cuticle is

locally thickened along certain lidges which thus form a chitinous

framework. The mesial element of this is the sternum, which gives

off laterally four pairs of epimera, and projects also beyond the

origin of the last pair of epimera almost as far as the anus. The

first pair of epimera run obliquely forwards and form the boundary

between the head and thorax. The basal joints of the four pairs of

appendages are movably articulated to the outer thirds of the

corresponding epimera.

The appendages of the head are three pairs, viz. : 1 pair of

mandibles, 1 pair of maxillae, 1 pair of pedipalpi, and an impair

stylet-like structure between the maxillae (Ig, Fig. 11\ which,

together with these, forms a piercing apparatus, while the mandibles

and pedipalpi move chiefly from side to side, and are therefore

masticatory. All of these appendages are attached to the cephalic

segment, (cp, Fig. 11). On the cephalic segment are also to be

noticed two punctiform ocelli (oc, Fig. 11), and close beside the

contour of the pharynx (ph, Fig. 11) are two openings (dc, Fig. 11)

apparently belonging to glands in connection with the pharynx.

The development of the cephalic segment and its appendages is

illustrated in Fig. 1-5. First a retraction of the granular contents

is noticeable (Fig 1 ), then a demarcation of the hyaline region as

head (Fig. 2), in which an anterior notch containing a pyramidal

outgrowth is bounded by two lateral curved processes ; these are

the future pedipalpi, while the pyramids by a division in the middle

line (Fig. 3), and the subsequent longitudinal division of each half

gives rise laterally to the mandibles, medially to the maxillae

(Fig. 4-5).

The maxillae are curved rods 0.01 mm. in length, (mx, Fig. 11).

Although chiefly piercing organs, they can also be moved from side

to side.

The pedipalpi are three-jointed, the middle joint being soft, while

the basal and terminal joints are provided with a chitinous frame-
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work, which projects on the terminal joints into three inwardly-

directed hooks.

The mandibles are 0.04 mm. in length, and in form resemble a

pair of shears with rounded points, (md, Fig. 11).

The oesophagus is short, leading directly into the stomach, which

occupies the whole of the thoracic cavity, and is possessed of rudi-

mentary caeca answering in position to the appendages, which give

the stomach a wavy contour when seen from the side. (Fig. 9).

The anus is close behind the sternum.

In accordance with the views of Leydig, the refractive corpuscles,

which are to be seen towards the posterior end of the body in the

adults as well as in all stages of development, are regarded as urinary

concretions.

A rudimentary tracheal system is present, which is represented in

Fig. 10. No stigmata have been made out. Between the longi-

tudinal tracheae are two reniform bodies which Csokor is inclined to

regard as central organs of circulation.

Csokor studied the locomotion of the Demodex in oil on a hot

stage. He found that the movements of the mites became very

lively with increased temperature, and is inclined to attribute non-

success in experiments as to transference to the absence of a suitable

temperature for encouraging locomotion. Pedipalpi, head and legs

are all active in locomotion ; the head is capable of lateral as well as

vertical movement ; at a high temperature, also the abdomen may

move upon the thorax so as to form an angle with it. The legs are

3-jointed, (Coxa, Tibia and Tarsus; see Fig. 11), but only the two

latter take part in locomotion, the tarsus being capable of invagina-

tion into the cavity of the tibia. Each tarsus terminates in five

equally long claws.

One of the most important of Csokor's results is the establishment

of three ecdyses or moults which take place (I) between the egg

and the six-footed larva (Fig. 2) ; (2) between the six and eight-

footed larva ; and (3) between the latter and the adult.

4.—Occurrence and Mode of Life.

Under this heading Csokor mentions that in the smallest tubercles

50—60 mites may be reckoned, in the larger 500—1,000. The

cast-off cuticles are found towards the centre of the tubercle, the

younger stages towards the duct of the gland, and the adults
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towards the base and periphery of" the gland, head downwards.

That the mites are air-breathers is apparent from the little

bubbles constantly forming under the cover-glass from specimens

recently pressed out of a gland.

As the whole of the herd observed by Csokor (22 animals) were

attacked by the Demodex, he considers that its transference from

pig to pig is evidently more easily effected than is the case with

D. canis. The explanation of this is to be sought for in the dirty

habits of the pig and uncleanly condition in which they are kept.

Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

Fig. 5.

Fig. 6.

Fig. 7.

Fig. 8.

Fig. 9.

EXPLANATION OF THE PLATE.

-Ripe egg of D. phylloides.

-First ecdysis : head with rudiments of jaws and ocelli ; crenate

outline of thorax due to the developing extremities
;
granules

posteriorly may be urinary concretions.

-First 6-footed larva ; appendages of head already well advanced
;

6 short feet.

-Second ecdysis : the jaws in the form of four rods, larval case

striped posteriorly.

-Eight-footed nymph ecdysis beginning posteriorly.

-Last ecdysis, within the larval skin is the fully developed mite.

-D. phylloides : male, ventral aspect—the small fissure near the

front of the ventral surface of the abdomen is the anus, in front

of this two folds represent the penis.

-Female, ventral aspect—the abdomen contains an egg undergoing

segmentation
;
genital and anal fissure behind the sternum.

-Female, lateral aspect—the crenate outline towards the dorzal

surface of the thorax is the contour of the stomach ; the egg

inclines towards the genital fissure ; the transverse striping of

the abdomen is seen to stop abruptly at the thorax.
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Fig. 10.—Female, dorsal aspect—the branched tubes are tracheal ; the

median reniform bodies hearts.

Fig. 11.—Appendages and skeleton of head :

mcl —- mandibles
;

mxl = maxillae
;

pl = pedipalpi

;

oc — ocelli

;

Ig = ligula
;

ph -— pharynx
;

dc = openings of glands
;

st = sternum
;

ep = epimera
;

ex = coxa
;

lib = tibia
;

tar = tarsus.

Fig. 12.-—Section of skin of pig, with sebaceous gland filled with mites
;

incipient inflammation.

Figs. 1, 2, 3, 4, 5, 6, were drawn with Hart oc. 2, obj. 8.

Figs. 7, 8, 9, 10 with oc. 2, obj. 7.

Fig. 11, oc. 6, obj. 11.

Fig. 12, oc. 3, obj. 4.
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SOME

LAWS OF PHONETIC CHANGE
IN THE KHITAN LANGUAGES.

BY JOHN CAMPBELL, M.A.

Professor in the Presbyterian College, Montreal.

In several published ai-ticles, some of which were read before the

Canadian Institute, I have given comparative vocabularies illus-

trating the connection of the American languages with those of the

Old World. Among ethnologists there is a strong prejudice against

this mode of procedure, a prejudice arising partly from an unwilling-

ness to undertake the labour necessary for an appreciation of the

results obtained
;

partly, it may be, from a suspicion that the

vocabulist has been too anxious to prove his point to be scrupulous

about the means; and, in particular, from the possibility or pi*ob-

ability that the resemblances exhibited are nothing more than such

chance coincidences as will appear more or less in comparing any

two languages in the world. A similar prejudice might have

opposed, and in many minds probably did for a time oppose, the

reception of the Indo-European family of languages, for the resem-

blances presented in their vocabularies as compared among them-

selves are not a whit more striking than those which characterize a

comparison of the languages of north-eastern Asia with those of the

principal native races of North and South America. This, however,

distinguishes the two linguistic fields ; the Indo-European is infinitely

better known. Now, speaking of that field, Professor Max Muller

tells us that, as far as etymological science is concerned, identity or

similarity of sound or meaning is of no importance whatever. This,

of course, is true when we are dealing with individual words, but to

apply such a rule in the case of a general comparison of vocabularies

would be to remove the foundation on which the classification of

languages has been laid and from which comparative etymology has

sprung. As well go to the extreme at once, and, with Schleicher,
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assert that grammatical construction is the only test of linguistic

affinity, as if no great changes had taken place in such construction,

soul of language though it be, even within the period of modern

history. Putting aside such extreme views, or perhaps, as it would

be more just to term them, extreme statements, and asking the

philologist to suggest some valid criterion of relationship among

languages which we deem to be connected and whose grammatical

systems are, to say the least, not discordant, he will probably invite

us to discover among them such a process of phonetic change as has

been illustrated in the case of the Indo-European languages by the

well-known Grimm's law. Now it is precisely such a law, or a

portion of such a law, that I profess to have found, after a somewhat

laborious and careful examination of those New and Old World

languages which may constitute provisionally the Khitan family.

The name requires explanation. About the middle of the tenth

century, a foreign horde, whom the Chinese annals know as the

Khitan, descending from the north, took possession of Mantchuria,

and extended their sway over the whole of Northern China. For

two centuries they maintained themselves as the rulers of that

empire, being recognized in Chinese history as the Liao Dynasty,

and were then expelled to the north-east by the Nyuche, a supposed

Mantchu tribe, who ruled in their place as the Dynasty of Kin. It

was these Khitas or Khitan, for the final n is the Khita mark of the

plural, who gave to the Celestial Empire its mediaeval name Cathay.

Some of the Chinese historians derive the Khitan from the desert of

Kobi, but, farther to the north about the sources of the Yenisei, and

throughout Southern Siberia according to Tartar tradition, their

remains are found. These are tumuli, similar to the mounds of this

continent, containing arms and ornaments, and sculptured inscrip-

tions upon adjoining rocks in an unknown hieroglyphic character.

The Tartars call the tumuli Li Katei, or the tombs of the Cathayans.

Tumuli of the same character as those of Siberia, accompanied in

many cases by cup shaped and other rude sculptures agreeing in out-

line with those found in many parts of this continent, appear in

India, where they are regarded as the work of a Turanian people,

the Indo-Scyths of history. These must have been none other than

the Kathaei of Arrian and Sti-abo, whom Alexander the Great

encountered at Sangala in the Punjaub. The very name Sangala is

Khitan, for from the Songari River the Khitan are said to have
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descended upon China ; to the country of Saghalien they retired ; and

their presence farther east in Japan is marked by the straits of

Sangar. Sangura again or Sagura was the name of a river in the

country of the Khita or Hittites, according to the Assyrian inscrip-

tions, and its ethnical character is apparent in its use as the proper

name of one of the greatest Hittite monarchs, Sangara of Carchemish.

Several native references to the Indian Sangala, as well as that of

Isidorus Characenus, make it plain that its population was not

Aryan, but Turanian or Indo-Scythic. In the third century, A.D.,

these Indo-Scyths were expelled or subdued, and at that point the

migration northwards through Tartary to Southern Siberia must

have commenced. It is natural to suppose, in the want of definite

information, that the Kathaei or Khitan reached the Punjaub from

the west by skirting the northern boundary of the Persian empire,

arriving in their Indian home at or before the fourth century, B.C.,

when Alexander found them there. The Persian chronicles class

among the northern peoples of Touran the Khatai, and link them

with Shankul, Prince of Hindustan, another Sagala or Sangala.

The original cause of their movement eastward was the capture of

the Hittite capital Carchemish on the Euphrates by Sargon, King of

Assyria, in 717 B.C., and the consequent dispersion of a brave and

restless people unwilling to live under a foreign yoke. Many tribes,

as has been shown by Professor Sayce, Dr. Hyde Clarke, and others,

found their way into Asia Minor, where Hittite dynasties reigned

down into the days of Rome's supremacy. Others, long ages before,

when the Kheti invaded the land of the ancient Pharaohs, leaving

their Syrian domain, planted colonies in northern Africa, and even

penetrated into Eui-ope. But the great bulk of the Hittite population

took refuge in the Caucasus, and from thence by dint of pressure,

internal and external, forced its eastward way along the route that

has been traced in retrograde order, from the Caucasus to the

Punjaub, from the Punjaub to the Yenisei, from the Yenisei fco the

Songari, and thence to Corea, Japan, the Kurile Islands, Kamtchatka,

and, finally, as far as the Old World is concerned, to the Aleutian

chain. They carried with them their practice of mound building,

their peculiar hieroglyphic character, and their own geographical

and tribal nomenclature. The mounds begin with the Tells of

Syria, are followed on the west by the Lydian and other similar

tombs of Asia Minor, on the east by the tumuli of the Caucasus,
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India, Tartaiy, Siberia and Japan, and on this continent give name
to their otherwise unknown architects, the Mound Builders. At
Carchemish and Hamath, in Phrygia and Lydia, the Hittite hiero-

glyphics strange and distinctive remain as monuments of Khitan

empire and journeyings. The Cypriote syllabic notation has bor-

rowed largely from them; the Libyan and Kelt-Iberian alphabets

are their descendants. Some of the moi-e characteristic symbols

appear on rudely sculptured rocks in India ; the alphabet of Corea

preserves many foi'ms identical with those of Hamath ; and, in this

western world, the few surviving inscriptions of the Mound Builders

are unmistakably Hittite, while the Aztec paleography is but an

adaptation of the ancient symbolism of Syria to the productions and

necessities of a new land. The Hittites of the Hebrew Scriptures

are the Kheti of the Egyptian, and the Khita of the Assyrian

records, the Ketei of Homer, who left their name to the Keteus river

in Mysia, the Kathaei of the Punjaub, the Katei of Siberia, and the

Khitan of Chinese history. When, in the 12th century, the

Aculhua Tepanecs, traversing the length of the North American

continent, arrived in Mexico within the borders of the Chichimec

kingdom, they sought to conciliate its monarch Nopaltzin by the

tidings that they belonged to the same ancient stock from which he

was descended, that namely of the Citin, a race illustrious by its

nobility and heroic deeds. Hamath, a Hittite word, yields its

meaning only when we discover it in the native name of Japan

which is Yama-to, the mountain door ; and this again explains the

Bible expression, " the entering in of Hamath." Hittite colonists,

or Greeks who had dwelt with Hittites in Asia Minor, carried the

word into Europe as Haemus and Hymettus. The Kathaei carried

it with them to India, where it became on Aryan lips Himavat,

afterwards to change to Himalaya. Among the survivals of the

ancient name on this continent I may mention Yuma, that of a tribe

in south-western California to which, with the other members of the

family so designated, I shall have occasion to refer more than once,

and Yemez, the name of a Pueblo people of New Mexico. The
languages of these two peoples are undoubtedly Khitan. Another

group of Khitan names to which I can only briefly refer, as I have

already directed attention to them in my paper on " Hittites in

America," has been linked with the Kathaei by writers on Indian

antiquities. These have supposed that the Kathaei and the Ksha-
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triyas are one and the same. The Kshatriyas also were Asuras, and

of the Asuras were the Pisachas. With these three names, Asura,

Kshatriya, Pisacha, may be compared the Basque Euskara, Heritor,

Basque and Guipuzcoa, the Caucasian Iskuria or Dioscurias, the

Dioscurian Castor, who found his way into classical mythology,

Abasech and Schapsuch, the Khita (of Syria) Sangara, Ashteroth and

Kliupuskia, the Huron-Iroquois Tawiscara, Ahatsistari and Jouskeha

and the Peruvian Huascar, Ayatarco and Pasco, together with the

Kheti Ashtar, the Dacotah Seejoohskah, the Muyscan Bochica, and

many other isolated members of the triad in other tiubes and

families.

The original physical features of the Khitan must be found on

this continent in regions more or less remote from European influ-

ences, for in Spain and the Caucasus, in India, and even in Japan,

foreign intermixture has so changed the type that little but language

and tradition remain to point out a Khitan origin. The measure of

Khitan culture was probably never in excess or greatly in excess of

that which anciently prevailed in Mexico and Peru. The savage

independence of Khitan character appears equally among the tribes

of the Caucasus and the Koriaks of Siberia, on the one hand, and

among the Dacotahs and Iroquois of this continent, on the other.

It is language, however, that determines the relationship of the

various members of this once central and historical but now widely

scattered family.

Of the African and Indian members of the dispersion, I prefer

for the present to say nothing. In Europe the Basques, with their

polysynthetic language are the most westerly of the Khitan. In

the Caucasus, under modified grammatical forms, the same language

survives among the Lesghians, Mizjeji, Circassians, and Georgians.

In Central Siberia the Yeniseians are the remnant of the Katei,

whose inscriptions are as unintelligible to them as those of the Mound

Builders to our Indians. Of the same family are the whole of Dr.

Latham's Peninsular Mongolidae, namely, the Koriaks (including the

Tchuktchis) of Siberia, the Kamchatdales, the Ainos, Coreans and

Japanese, together with the Yukahiri within the Koriak area.

The leading American divisions of the Khitan are : in the northern

continent the Dacotahs, Huron-Iroquois, Choctaws, Cherokees,

Natchez, Adahis, Shoshonese, the Pnjunis and Yumas of California,

Pueblos Indians of New Mexico and Arizona, the Sonora tribes, the
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Aztecs and the Lencas; and in the south, the Muyscas of New
Granada, the Quichas, Aymaras, Atacamenos, Sapibocones and

Cayubabas of Peru, and the Chileno family, embracing the Chilians,

Pampas Indians, Patagonians and Fuegians. The Dacotah, Huron-

Iroquois, Choctaw, Shoshonese, Pujuni, Yuma, Pueblos, Sonora and

Lenca divisions comprise many dialects, and, as I propose to treat

the Chileno division as one under the name Araucanian, the same

will be true concerning it. The dialectic differences of the Basque

are few, as are those of the Circassian and Mizjeji, but the Geoi-gian

has four dialects, and the Lesghian at least ten. The Yeniseian,

Koriak, Kamchatdale, and Aino divisions each present tribal and

dialectic differences, and the language of the Loo Choo Islands pro-

vides a complement to that of Japan. These dialectic differences

.are valuable as furnishing the laws of phonetic change within the

bounds of a single language, and as aiding in the application of simi-

lar laws to forms of speech widely separated geographically.

Instead of setting forth in this paper the whole of my compara-

tive vocabulary of over 150 words in the various languages and

dialects of the Khitan family, which would be more likely to con-

fuse than to convince, I prefer for the present to restrict myself to

an exhibition of some of the relations of one such language to its

connected forms of speech. The language selected is the Huron-

Iroquois in its various dialects, the Huron, Tuscarora, Nottoway,

Mohawk, Oneida, Onondaga, Cayuga, Seneca, &c. This is one of the

most peculiar and difficult members of the family, differing from all

the others known to me in this particular, that no one of its dialects

possesses the labials b, p, v, f, or the liquid and labial m. The

nearest approach they can make to a labial sound is w, and where

m cannot be similarly represented it must be replaced by another

liquid, n. With the Huron-Iroquois language I compare first of all

that member of the family which, following the line of Khitan

migration backwards, is the most remote from it, namely the Basque

of northern Spain and south-western France. Grammatically the

two languages agree, for it has been rightly said that the Basque is the

most American of the OldWorld tongues known to philology. A better

acquaintance than is at present possessed of the languages of north-

eastern Asia would doubtless modify such a statement. Still it is well

to be on a right footing with the grammarians, although one of them,

M. Vinson, a distinguished Basque scholar, who, some time ago, pub-
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lished an article comparing the Basque with the Iroquois, failed to

find the grammatical accordance of the languages borne out by the

lexicon. This, however, arose from the fact that M. Vinson had

not made a special study of the Iroquois, and that he had neglected

the geographically intermediate languages which, in some respects,

furnish the key to the common origin of the Iroquois and the

Basque.

I.

—

In a large number of instances, .although there are many
EXCEPTIONS, THE IROQUOIS EEPLACES THE BASQUE LIQUIDS I AND V

BY ANOTHER LIQUID, tl.

Take, for example, the Iroquois word for tooth, honozzia, onotchia.

It is easy to perceive the relationship between these forms and the

innotay, noti, of the Choctaw, the ente of the Natchez, the noto of

the Shoshonese, and even the neas, nayha, of the Lenca. But

where, it may be asked, is the similarity between these names for

tooth and that of the Yuma, which is aredoche ? The Basque dis-

plays the relation. Its word for tooth is hortz, ortz, or, in the plural,

hortzac, ortzac. The unaspirated ortz, somewhat drawn out as is

generally the case in the pronunciation of uncivilized man who has

abundance of time for his conversation, becomes, without any conso-

nantal change worth noting, the Yuma aredoche. If, however, we

apply the rule which transforms the Basque r into the Iroquois n,

then ortz becomes ontz, and hortz, the aspirated Labourdin and Bas-

Navarrais form of the word, hontz, thus furnishing us with abbrevi-

ated but distinctly recognizable equivalents of the Iroquois onotchia

and honozzia. In the Kasi Kumuk dialect of the Lesghian the

Basque aspirate is strengthened into k, kertshi being its rendering of

hortz. Indeed it may almost be said to be a rule that the Basque

aspirate, as an initial letter at least, becomes the Lesghian guttural.

The Quichua of Peru follows the same rule, and surpasses the

Lesghian in its attenuation of the vowel, by changing kertshi to kiru.

Thus the two forms onotchia and kiru, which appear to present no

feature in common, are found to have the same origin.

A similar instance is that of the Iroquois kelanquaw, which de-

notes the moon, but also the sun. The Pueblo word for sun is

hoolenwah, with which the Yukahiri name for the same orb, yelonsha,

invites comparison. But in the Basque the equivalent for kelan-

quaw, the moon, is hilaryia ; and, just as the Yuma aredoche cor-
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responded with the Basque ortz, so does the Yuma hullyar almost

perfectly reproduce the Basque hilargia. Let the Iroquois n be-

come r, and kelarquaw is the Basque hilargia and the Yuma hullyar.

The Quichua, still retaining its original guttural, changes hilargia

and hullyar to coyllor, but employs the word to designate not the

moon but a star. It is worthy of note that the Yukahiri of Siberia,

which renders the sun as yelonsha, calls the moon kininsha, thus

replacing the I as well as the r of hilargia by n, and preparing the

way for the Aino kunezu and another Iroquois form, kanaughquaw.

An Iroquois word for an axe or hatchet is ahdokenh, and this is

the Koriak adaganu. Turning once more to the Yuma, the pheno-

menon presented in aredoche and hullyar is repeated, for the Yuma
word for an axe is atacarte. Here again we meet with the Basque,

for atacarte is to aizkora as aredoche is to ortz. In Aino and Ja-

panese the Basque word takes a prefix m, and aizkora becomes

masakari.

The Yuma gives us kooruk for the adjective old, and the Iroquois,

akaion ; here also the Yuma and the Basque agree, for in the latter

language old is agurea. But in the Lesghian both forms appear,

for, while the Avar and three other dialects accord with the Basque

and Yuma in herau, two, the Akush and Kubetsh, are in hai-mony

with the Iroquois, ukna and okna being their respective renderings.

In North America the Dacotah also gives two forms, that of the

Sioux or Dacotah proper being kon, and that of the TJpsai-okas or

Crows, karrahairea. The double form karrahairea is itself far from

singular. The Lesghian tribe of the Avars, besides herau, uses

mirvara, which becomes noorkoor in Corean, porugur in Aino, and

furuberu in Japanese.

A remarkable word for egg is the Basque arraultzia. The appli-

cation of the rule to r and I reduces arraultzia to annauntzia, which

is almost the sound of the Iroquois word onhonchia. The Quichua

agrees with the Iroquois in changing the I to n, but retains the r,

and removes the initial vowel ; thus arraultzia becomes runto. A
similar elision of the initial vowel takes place in Kamtschatdale,

which furnishes the two forms

—

lilchatsh corresponding with the

Basque, and nyhatch according with the Iroquois.

In all the Khitan languages there is no radical distinction of ad-

jective and verb. Indeed almost any word may become a verb.

Taking the word dead, therefore, we find it represented by the
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Basque substantive so called, erio, heriotce, and the Iroquois adjec-

tive kenha. But kenha is the same word as heriotce, for, while the

Lesghian tribes, Tshar and Kabutsh, render it by chana like the

Iroquois, the other Lesghian tribes, Dido and TJnso, agree with the

Basques in calling it haratz. The Dacotah sides with the Basque in

karrasha, and the Peruvian Aymara with the Iroquois in hinata.

A road or street in Basque is kharrika, but in Iroquois chanheyens.

The Dacotah, which the late Lewis Morgan proved to be of the same

stock as the Iroquois, furnishes the more appropriate form kanga,

while the Lesghian reconciles the Basque and it by its duplicate

renderings chuldu and chuni. The Corean rejects the termination

which appears in kharrika and chuldu and calls a road Mr.

The Koriak ennen, innaen, a fish is the Basque arran, arrain, and

the same with the prefix of a guttural is the Iroquois kunjoon. So

the Iroquois enia a finger is the Basque erhia, and the Basque oscola,

the bark of a tree, is the Iroquois askoonta. Again, the Quichua

rejects the initial vowel and calls bark kara. The t of askoonta

which is not found in oscola is probably a euphonic addition merely,

since it frequently appears, as in ourata, a leaf, the Basque orri, in

ashuchta, a hand, the Basque escua, and Dacotah sake, and in kihade,

a river, the Kamtchatdale kiha.

II.

—

The Iroquois replaces the Basque m by an, en, on; and the
Basque b follows the same rule as to when it is the equivalent

of that letter in the Caucasian languages.

One of the best known Iroquois words is onontes, a mountain,

figuratively employed to denote a governor or great personage, as

onontio, the beautiful mountain. This form onontio probably explains

the Hittite word mati in the Hamath inscriptions, which I have

translated " king." However, the Ii'oquois onontes is the Basque

mendia. In South America the Basque form is almost given back

in the Araucanian mahnida, but the Cayubabas of north-eastern

Bolivia, a people allied to the Quichuas, are Vasconibus Vasconiores

and turn the Iroquois onontes into iruretui.

The word tongue in Basque is mia, mihia, the Lesghian mitz and

mas. The application of the rule transforms mas to ennas, which is

just ennasa, the Iroquois tongue. The Georgian form is ena.

The Caucasian m is frequently represented in Basque by b. Thus

the Lesghian mussur, muzul, the beard, is the Basque bizarra.
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There is little doubt that the Lesghian form is the more ancient and

radical. In the Atacameno, a Peruvian language of the Quichua

family, musur survives, not indeed as denoting the beard but the

hair. The Iroquois therefore instead of rendering the Basque b by

w recognizes the original in m and calls a beard onwskera.

A similar word, burua, the head in Basque is the Lesghian mier,

maar, the Corean mari, the Dacotah marshaa, the Sonora moola, the

Cayubaba abara-cama and nahuara-cama. Accordingly in Iroquois

its form is not wara but anuwara.

The radical part of the Iroquois eniorhene, to-morrow, is enior,

and this is the Basque bihar, biar, bigar. While the Iroquois agrees

with the Guipuzcoan and Biscayan dialects of the Basque in suppress-

ing the medial aspirate or guttural, it refuses to recognize the initial

b, and thus claims affinity with the Georgian michar and the Corean

myongir. The Yuma gives back the Georgian form in mayyokal

;

while the Dacotah and Cherokee, preserving the Iroquois form,

prefix a sibilant, shinnakshare and sunahla being their respective

terms.

No unscientific collector of verbal coincidences would dream of

associating the Basque bizkhar, the back, with the Iroquois ohnaken.

But when we learn that the Basque bizkhar is the Lesghian machol,

it is easily perceived that by the application of the first law machol

becomes machen, and, by that of the second, machen is transformed

into onachen.

III.

—

When the Basque b is represented by the same letier, or a

CORRESPONDING LABIAL IN THE CAUCASIAN LANGUAGES ITS IROQUOIS

EQUIVALENT IS W.

A Basque adjective meaning great and wide is zabala. In

Lesghian it appears as chvallal, chvallase, and similar forms are fur-

nished by the Shoshonese, Aztec, and Atacameno, namely, oboloo,

yzachipul and capur. The first rule changes the Basque and Lesghian

I into the Ii-oquois n, and, by this third rale, the b and v of these

two languages become w. Hence we have kowanea, the Iroquois

word. It is to be i-emarked that in certain Lesghian and Iroquois

dialects the labial disappears altogether, the Lesghian kunosa being

the counterpart of the Iroquois hons.

The Basque word for grass is belharra. Here the Caucasian and

Basque agree, for belharra is the Georgian balachi. Accordingly the

21
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Iroquois form is wennokera, a term illustrating the first law as well

as the third.

The Basque dialects furnish us with two words for hair, ileac and

biloac. In Iroquois also we find arochia and werochia or ahwerochia.

The first form corresponds with the Lesghian ras, the Aino ruh, and

the Dacotah arra. In the second we meet with the Circassian abra.

The final ac of ileac and biloac is the Basque mark of the plural, and

is the same in origin and in function as the Iroquois Ice.

Although not entitled to rank as a law of phonetic change, it is

worthy of note, as tending to simplify the exhibition of the common
origin of Basque and Iroquois, that the Iroquois frequently differs

from the Basque by inserting a dental between the letters n and r,for

purposes of euphony.

Thus the Iroquois kanadra, bread, is the Basque janhari, janari,

food ; for the initial j, as we learn from M. Lecluse, though pro-

nounced as in French in the canton of Soule, and as in German in

that of Labourt, assumes the power of the Spanish letter in Gui-

puzcoa, and may be represented by kh.

The verb to love in Basque is onerechi, oniritzi, in which it is easy

to recognize the Yukahiri anoorak, and the Japanese noroke. In

Yuma the word is awvonoorch. Three Iroquois forms are endoorooh-

quah, aindooro&kwa and enorongwa.

A large number of words in Basque and in Iroquois coincide in

sound and in signification, and for such coincidence I have so far

been able to discover no law. Among these may be mentioned the

Iroquois garioha, bird, which is the Basque choria, the Lesghian zur,

the Aymara chiroti. The final ti of the Aymara has also appeai'ed

in hinata, dead, as compared with the Iroquois kenha and the

Lesghian clvana. The Iroquois white, which English missionaries

write kearagea and the French kenraken, is the Basque churia, the

Japanese kiroi, the Loo Choo shirusa, the Lesghian tchalasa, and

the Quichua yurac. An Iroquois word for dog is tschierha, the Sho-

shonese schari, the Mizjeji (Caucasian) tkari, the Georgian djogori,

and the Basque zacurra. So the Basque hezurra, bone, is the

Iroquois ohskereh, and the Cherokee ookolah ; and the Basque aztala,

leg, is the Iroquois okotara, and the Lesghian uttur. While geree,

an Iroquois word for tree, agrees with the Basque chara and the

Quichua kullu, meaning wood, another Iroquois form, kaeet, is the

Lesghian hueta, guet, the Basque zuaitz, zuhaitz, and the Aztec
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quahuit, quauitl. The Kliitan terms for thunder are like, the Semitic

gulyad. The Lesghian seems to furnish the type in yurgur, which

is approached by the Basque curciria, ihurzuria, and aggravated in

the Koriak urgirgerkin. The Georgian modifies the harsh sound by

dropping one of the r's, as in gurgin and kuchili, the latter of

which corresponds with other Koriak forms, kyhal, kyigala, and with

the Kamtchatdale Kychichlizen. The Choctaw has the two forms

jyrajaa and hiloha ; the Yuma stops short at aker ; but the Iroquois

furnishes a word kawseras that agrees more perfectly with the Old

World forms.

I have already referred to the Yuma dialects (the Yuma or

Cuchan, Maricopa, Mojeve, Dieguno), as valuable members; of the

Khitan family for comparative pui'poses. Two- Yuma woi'ds for

coid are xetchur and hutseelo. The former accoi'ds with the Dacotah

hootsheere and the Iroquois otsorai, which the Basque changes to>

otsbero, while in hutseelo we find the Lesghian chuatzala. The con-

nection of the Iroquois onyare, neck, with the Basque cinzurrn

might seem doubtful, as the Basque sibilant and guttural prefixes.

are generally more conspicuous by their absence than by their pre-

sence. But the Yuma form henneeil shows that it is the Troquois

which errs by default in this respect. The Yukahiri jomuel restores

that original form which would naturally have been looked for in

the Basque, and leads the way to the Lenca ampshala. The Lesghian

word gabur, which could nover be evolved out of cinzurra, naturally

rises out of jomuel.

The Iroquois onuste, maize, and the Basque arto, artho, have little

in common. The Yuma tarrichte, however, dropping the initial t

and applying the first rule as if it were a Basque word, becomes

annichte. Another Yuma form is terditch, with which may be com-

pared the Lesghian zoroto and the Circassian nartuch, and with these

the relation of the Basque arto, artho is. easily perceived.

Still another Yuma word meaning to speak is atchahquerck. This

is undeniably the Aino itakyuru. But another Aino dialect gives

idakuwa, and this prepares us for the Iroquois atakia and the Basque

itzegin. The nearest word to the Yuma hawed, meaning a river, is.

the Aymara hahuiri or hawiri, and this is plainly the Lesghian uor,.

chyare, and the Basque uharre, uharka. In chyare, by the appli-

cation of the first rule, we detect the Iroquois kahionha.
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In some cases the Basque word, while agreeing with the Iroquois,

differs from the Lesghian, so that both Iroquois and Basque must be

brought under the first rule, in which Lesghian must take the place

of Basque. Thus the word for name is in Iroquois chinna and in

Basque icena, while the Lesghian form is zar.

Certain roots also which I have not found in Basque imite the

Lesghian and the Iroquois. Such is the Lesghian surdo, night,

which is the Iroquois asunto. Another Lesghian form chur agrees

witli the Aino asiru. The Lesghian ras, a feather, is the Iroquois

ortasa. The Iroquois word for rain, iokennores, is not very like the

Lesghian Kasi-Kumuk form kural, but is at once recognisable in that

of the Akush dialect, which is kanili. In fact the phonetic changes

which I have pointed out as existing between the Basque and the

Iroquois are really found operating in greater or less measure within

the bounds of individual Khitan languages both in the Old World

and on this continent. Even the Kamtchatdale, which generally

accords with the Iroquois, gives occasionally a Basque form, as in

kchaiha, the belly, as compared with the Iroquois kchonta.

Before concluding the list of examples, which, however tiresome

to enumerate, I feel are due from me to those who would themselves

judge the validity of the laws which I have enunciated, I wish to

set forth the relations of two connected Iroquois words the deriva-

tion of which has long been sought in vain. . The first is the word

for house onushag, kanuchsa, anonchia, Icanonsa. Beginning near

home, the Shoshonese niki and Sonora nihki should not be foreign to

the Iroquois forms, especially as another Shoshonese form kanuke

almost reproduces the Iroquois kanuchsa, and as the Sonora kaliki is

the same word. The Shoshonese has still another form liki, which

is the Araucanian ruka, and the Lesghian ruk. If, however, we ask

how the Iroquois forms anonchia and kanonsa obtained their double

n, we must be referred to the Koriak, which renders the Lesghian

ruk by oranga, and this the Iroquois changes to onanga, anonchia.

The Aztec colli, different as it may appear, is the same word, for

the Sonora which gave us kaliki abbreviates this in certain dialects

into kari, from which colli is derived by the simplest of all phonetic

changes. The other word is that which gives name to our Dominion,

kanada, kanata, a village. Nobody would dream of associating it

with the Natchez word wait, and yet their derivation is one. The
language of the Yenisei furnishes the original term, kelet, koleda,
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unless we are disposed to admit the prior claims of the Circassian

sheelday or the Georgian kalaki.

Nothing can prove more convincingly the wonderful vitality of

words even among peoples devoid of literature than the comparison

just instituted between the Basque and the Iroquois. If it be

allowed that the separation of the two stocks only took place at the

time when the Hittite empire was overthrown by the Assyrian

Sargon, for certainly it can be placed at no later period, then it fol-

lows that 2,600 years have passed since the ancestoi's of the Vascones

and those of our Hurons and Iroquois mingled their voices on the

banks of the Euphrates. But if, as is far more probable, the Basques

reached their Spanish home by way of Northern Africa, this journey

must have been undertaken long centuries before, when that Shepherd

tide of conquest, in which the Kheti formed a mighty wave, was

driven back upon the desert sands and the Mediterranean shore by

the great Egyptian Pharaohs of the 18th dynasty. When Moses

was still a child, and the ancient Hebrew language had not yet

assumed a literary form, the Khitan wanderers carried their imperish-

able speech across the Libyan sands to plant it at last in the remotest

bound of the European continent.

Even now we hear much of the Atlantis theory, of the population

of America from Western Europe and Africa by means of a sub-

merged continent, or by such brave sea daring as brought Columbus

to the New World, and the very connection of the Basque and

Iroquois languages tempts the question : May there not be truth in

such a theory 1 But language, which has established the relationship

of the peoples, refutes the theory. Our Huron-Iroquois came not

to the east first but to the west, not to the south but to the north.

Their features, their religion, their character and customs are dis-

tinctively Koriak, and their appearance upon the stage of American

history began at a time when, had Biscay or Morocco been their

starting point, they must have brought with them some traces at

least of mediaeval culture. Euskara and Basque, names of a people

only in Spain, are to the Iroquois Tawiscara and Jo-uskeha, gods or

divine ancestors of the race, whose memory has vanished long years

ago from Guipuzcoa and Navarre. The Basque is a seaman, but

some other race than his own, that of his mother, it may be, who
gave the European tint to his dusky complexion, must have taught

him to hold the sail and brave the dangers of the ocean, for the
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Khitan, fierce, warlike, indomitable, as many of their tribes have

proved themselves on mountain and plain, have never taken rank

among the masters of the sea. Their very passage to this Western

World has been the stepping stones of the Kurile and Aleutian

Isles, with land in sight for almost all the way.

To return to language ; we look in vain in our Basque lexicons

for the compound words of the Iroquois tongue, but in Koriak, in

Kamtchatdale, and in Japanese, we discover, not indeed the precise

words, for a few centuries may suffice to alter these, but some of the

elements of which they are composed. Take, for instance, the

Iroquois word for silver. It is hwichtan-oron. I am not sufficiently

versed in ancient Iroquois to know the meaning of its component parts,

but there can be no doubt that the first of these, hwichtan, is the same

as wychtin in the Koriak word elnipel-wychtin, denoting the same

metal. An Iroquois word for the colour yellow is cheena-yuarle,

and (juarle is apparently the same word as karallo in the Kamtchat-

dale duchl-ka ratio, which means not yellow indeed but green, colours

not always distinguishable by savages, for the Koi'iak uses the same

term, nigil-tshachain, for both. Another Iroquois word for yellow is

hotgikkwa-rogon, of which the latter member, rogon, corresponds

with grachen in the distinctive Koriak term for yellow, nuutel-

grachen. We are on a surer foundation in regard to the Iroquois

words for red, two of which are otquech taroku and quwen-tarogon.

The first part of each word is a variation of the terms otweacha,

hotkwensa, blood. The Koriak red is nitshel-rachen, although nitshel

is sometimes used alone. The latter Koriak word does not seem to

denote blood. Still the rachen of nitshel-rachm, red, and the grachen

of nuntel-grachen, yellow, are doubtless variations of the Iroquois

rogon of hotgikkwa-rogon, yellow, and the tarogon of quwen-tarogon,

red. The explanation of these terms is found in the Japanese. One

of its words for red is chi-darake-no, literally, " smeared with blood,"

for chi denotes " blood," and darake, or with the particle darake-no,

means "smeared with." Hence the Iroquois words for red, in which

we have already found the equivalents of the Japanese chi, blood,

plainly exhibit their Northern Asiatic origin, for taroku and tarogon

are the Japanese d<>rake and darake.no, as well as the rachen and

grachen of the Koriak. Taking the Japanese also as the more

correct form of the language, it follows that the Iroquois have been
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more careful of their speech than the Koriaks. The Atlantis

theory gains no support from philology.

If in this paper I have not exhibited the relation of the Iroquois

dialects to those of all the divisions of the Khitan family, it is not

from lack of material or in order to avoid any difficulty. I have

purposely chosen for comparison languages the most remote in place

and in time of separation from the original tongue, languages of

peoples most unlike in present feature and character, whose sole con-

necting link has been supposed to be the common possession of a

complicated grammatical system marked by polysynthesis. That I

have succeeded in showing the relation of these languages to one

another and at least to some of the intermediate members of the

Khitan family, will be granted, I doubt not, by all true philologists

who do not shut their eyes at antecedent improbability.

RULE I.

The Iroquois replaces THE Basque I and r by n.

Basque. Rule Applied. Iroquois, English.

1. ortz, hortz ontz, hontz onotchia, honozzia tooth
2. hilargia hilangia kelanquaw moon
3. aizkora aizkona ahdokenh axe
4. agurea agunea akaion old
5. arraultzia annauntzia onhonehia egg
6. herio henio kenha dead
7. kharrika khannika chanheyens

(Dacotah, eanga)
i-oad

8. arrain annain kunjoon fish

9. erhia enhia enia finger
10. oscola oscona askoonta bark

Note.—Illustrations of the Rule in other Languages.

Basque forms.

1. ortz = rytti, Koriak ; aredoche, Yuma
hortz = kertshi, Lesghiaii; kiru, Quichua

2. hilargia= hullyar, Yuma; coyllor, Quichua

3. aizkora= masakari, Japanese, Aino; ata-
earte, Yuma

4. agurea = herau, Lesghian ; kooruk, Yuma

;

karraliairea, Dacotah
5. arraultzia == lilehatsh,iCam tchaldale ; runto,

Quichua
6. herio, heriotce, = haratz, Lesghian

;

carrasha, Dacotah
7. kharrika = shara, Georgian: chuldu,

Lesghian ; kir, Corean
8. arrain atlan, Aztec

9 erhia = kilish, Lesghian ; gelyhat, Koriak;
hal, Yenisei

10. oscola= kerki, Georgian ; iehalgyn, Koriak

;

kara, Quichua

Iroquois forms.

onotchia = innotay, noti, Choctaw; ente,

int, Natchez ; noto, Shoshonese ; neas,
nigh, nagha, Lenca

kelanquaw = gailgeu, Koriak ; yelonsha,
Yukahiri ; hoolenwah, Pueblos.

ahdokenh = adaganu, Koriak ; tlateconi,

Aztec.

akaion = ukna, okna, Lesghian ; kon,
Dacotah

onhonchia, = nyhatch, Kamtchatdale ; nanki,
Shoshonese

kenha = chana, Lesghian; hinata, Aymara

chanheyens = eliuni, huni, T^esgh ian ; canga,
Dacotah; hinah, Choctaw

kunjoon = enneii, iimaen, Koriak ; henn,
Natchez; kanu, Aymara

enia = onkahah, Dacotah

askoonta = kani, Georgian (skin) ; cangha,
chanha, Dacotah
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RULE II.

The Iroquois replaces the Basque m by an, en, on, and the Basque b

BY THE SAME 'WHEN b IS THE EQUIVALENT OF THE CAUCASIAN m.
Basque. Caucasian. Iroquois. English.

1. mendi mta, Georgian,
suntu, Lesghian

onontes mountain

2. mia, mihia mitz, mas, Lesghian
en a, Georgian

ennasa tongue

3. bizarra muss'ir, niuzul, Lesghian onwskera beard
4. burua mier, maar, Lesghian onuwara head
5. biar, bihar, bigar michar, Georgian enior-hene to-morrow
6. bizkhar machol, Lesghian ohnaken back

Note.—Illustrations of the Rule in other languages.
Basque and Caucasian forms.

1. mendia = mahnida, Araucanian ;

pinujidtsh, Kamtchatdale
2. mia, mas =mutt, mocte, Mizjeji

3. bizarra, mussur = musur, Atacameno;
muzul, (hair)

4. burua, mier, maar = raari, Coreari ;

marshaa, Dacotah ; moola, Soriora ;

abara-cama, Cayubaba
5. biar, michar= myongir, Coreari;

mayyokal, Yuma ; miecar, Yuma
(morning) ; emukulas, Kamtchatdale
(morning)

6. bizkhar, machol = ushiro, Japanese

Iroquois forms.

onontes = suntu, Lesghian; neit, KoriaJc

nenichaha, Choctaw
ennasa = ena, Georgian. ; onnor, Yukahiri ;

neeighjee, Dacotah
;
yahnnhgah, Cherokee ;

honinee, Pueblos ; anongin, Shoshonese
;

nenetl, Aztec ; ine, Cayubaba
onwskera = harinockquell, Hhoshonese (chin) ;

huntur, Atacameno
anuwara = nahuar-acama, Cayubaba

enior-hene = unhaiel, Yukahiri (morning)

;

onnihile, Cho-.taw (morning) ; sunahla,

Cherokee (to-morrow and morning)
;

shiunakshare, Dacotah (to-morrow and
morning)

;
yanrne, Shoshonese (morning)

ohnaken = senaka, Japanese

RULE III.

The Iroquois replaces the Basque b by w when b is the equivalent
of a labial in the Caucasian languages.

Basque. Caucasian. Iroquois. English.

1. zabala chvallal, chvallase, Lesghian kowanea great

balachi, Georgian2. belharra
3. biloac abra, Circassian

wennokera
ahwerochia

grass
hair

RULE IV.

The Iroquois inserts a dental between the Basque n and r.

Basque. Iroquois. Other Languages. English.

1. janari, janhari kanadra kendowan, Koriak bread, food
2. onereclii, oniritzi endooroohquah anurak, Yukahiri to love

aindoorookwa noroke, Japanese
awvonoorch, Yuma

Basque. Iroquois.

I.

2.

choria
churia

garioha
kearagea

3. zacurra tschierha

4.

5.

6.

liezurra

aztala

chara
zuaitz, zuhaitz

ohskereh
okotara
geree
kaeet

7. curciria kawseras

Roots coinciding in Basque and Iroquois.

Other Languages. English.

zur, I,esghian ; chiroti, Aymara bird

kiroi, Japanese : shirusa, Loo Choo wnite
tehalasa, Lesghian ; yurac, Quichua
djogori, Georgian ; tkari, Mizjeji dog
schari, Shoshonese
ookolah, Cherokee bone
uttur, Lesghian leg

kulln, Quichua wood, tree

hueta, guet, Lesghian
quahuit, quauitl, Aztee
gurgur, Lesghian thunder
urgirgerkin, kyhal, kyigala, Koriak
kychtchlizen, Kamtchatdale
gurgin, kuchili, Georgian
jyrajaa, hiloha, Choctaw ; aker, Yuma
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The Yuma dialects as aids to comparison.

Iroquois. Yuma. Basque. Other Langu. ges. English.

1. otsorai xetchur
hutseelo

otsbero chuatzala, Lesghian cold

2. onyare heniieeil einzurra jomuel, Yukahiri
ampshala, Lenca
gabur, Lesghian

neck, throat

3. onuste tarrichte
terditeh

arto, artho zoroto, Lesghian
nartuch, Circassian

maize

4. atakia atohahquerck itzegin itakguru, idakuwa, Aino to speak
5. kaliionha haweel uharre uor, cliyare, Lesghian

hahuiri, Aymara
river

(See also under Illustrations of Rule I.)

Miscellaneous Examples op Affinity.

Iroquois. Caucasian. Other Languages. English.

1. chinna zar, Lesghian icena, Basque name
2. asunto surdo, chur, Lesghian asiru, Aino night
3. onasa ras, Lesghian

kamesh, Mizjeji
hanni, Loo Choo feather (wing)

4. iokennores kanili, kural, Lesghian chenar, Shoshonese rain (hail)

5. kchonta siarad, Lesghian kchailta, Kamtchatdale
xillantli, Aztec

belly

6. onushag, kanonsa ruk, Lesghian ruka, Auracanian
kanuke, liki, niki, Shoshonese
kaliki, cari, nihki, Sonora
calli, Aztec ; oranga, Koriak

house

7. kanada, kanata sheelday, Circassian
kalaki, Georgian

kelet, koleda, Yenisei
wait, Natchez

village

The relation op compound words in Iroquois.

Iroquois. Japanese-Koriak. English.

1. hwichtan-o?-
07i elnipel-vrychthl, Koriak silver

2. chee 'ld-guarle efttcM-karallo, Kamtchatdale yellow
3. hotgikkwa-rogon nuutel-gvuchei i, Koriak yellow
4. otquech-ta.To\m nitshel-mchen, Koriak. red

quwen-tarogon cfii-darake, cAi-darakeno, Japanese
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NOTES ON

SOME CANADIAN INFUSOEIA.

BY J. PLAYFAIR McMURRICH, M.A.,

Professor of Biology in the Ontario Agricultural College.

For some weeks past I have been occupied in identifying some

Infusoria found in water from a pool in the neighbourhood of the

Ontario Agricultural College, Guelph. This was obtained during

the past summer, and has been standing in a moderately warm spot

since. Even during the time I have been engaged in investigating

it, its fauna has varied considerably, depending, to a certain extent

at least, on the temperature, which has been allowed to vacillate

within somewhat wide limits. A lowering of temperature will no

doubt cause the disappearance of certain forms, whereby other more

hardy ones, in the struggle for existence, will, by obtaining more

abundant food be able to propagate themselves, and hence appear

more abundantly, and also no doubt it will act indirectly upon certain

other forms by destroying their usual food, and thus eventually

causing these forms to disappear also, although they may of them-

selves be able to withstand the increased cold.

The only reference I have been able to find to any researches on

the influence of low temperature on Infusoria is contained in Semper's

work on the Natural Conditions of Existence as they affect Animal

Life. He there alludes to Rossbach's investigations as to the influ-

ence of temperature on the pulsation of the contractile vesicle, which

show that at 5° c. the contractions follow each other at long intervals,

and at 3° c. a condition supervenes, which Rossbach has termed

"chillcoma," from which the animal can be roused by increasing the

temperature, but if it be long continued at that degree, death super-

venes. These observations were conducted only with Gldlodon cucul-

lus, Euplotes charon and Stylonychia piistulata, and even in these

forms considerable variation was observed.
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Many data, however, are yet required to elucidate the action, of

external conditions ou these low forms, and my professional duties

have not allowed of a sufficient inquiry into the subject to permit of

any generalizations or instances being given here.

In the following notes T do not pretend to give a complete list of

all the forms observed, but shall merely deal with certain forms

which seem to merit description. In the first place, however, it will

be well to record the general zoological and botanical characters of

the water.

As to the vegetable life observed, there was in the first place

always a large quantity of a small species of Nostoc, apparently iV-

lichenoides, var. vesicarium, usually mucous or hollow in the interior,

the threads traversing the cavity being surrounded each with its own

gelatinous envelope. Oscillator ice, Spirogyra, Protococcus and vari-

ous forms of Ohroocoecacece were also present in considerable abun-

dance, although towards the last the Spirogyra threads disappeared.

Diatoms—principally Navicula sp. 1 and Desmids belonging to the

genera Cosmarium, Closterium, Scenedesmus and Ankistrodesmus

were exceedingly numerous, and like the Nostoc were apparently not

at all affected by cold. Latterly many Bacteria, Bacilli and Spirilla

were present, and in regard to the latter I noticed, that when only a

small portion of the slide was kept illuminated for a length of time,

by the use of a diaphragm with a small aperture, they invariably

congregated in large numbers at that spot, apparently showing that

these low forms have appreciation of light. Engelmann, however,

shows l that these forms only approach the light for the purpose of

obtaining oxygen, which, under its influence, is given off from green

algae, etc., only two bacterial forms being observed by him, which

are attracted to the light for the light's sake

—

Bacterium chlorinum,

which is of a green colour, and 13. photometricum, slightly reddish in

colour.

As to the animal life, in addition to Infusoria, many lower and

higher forms were present. When first, procured the water contained

numbers of specimens of Daphnia pulex, De Geer, in company with

which were an undetermined Ostracode, and Cyclops quadricornis.

Of these the two former soon disappeared completely, the Cyclops

disappearing when the water was exposed to a moderately low tem-

i Revue Internat. Sci. Biol, ix., 18S2. Cf. Journ. Roy. Mier. Soc. ii., 1882.
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perature, reappearing when the temperature increased, the ova

apparently not being affected at a temperature which de3troys the

adult animal. This is a well-known phenomenon, and is exemplified

by many of our Insects, which perish in the Fall, but whose eggs are

able to withstand the intense cold of Winter. These same remarks

apply to the Rotifer Philodina citrina, which was also present in

considerable numbers. A single Nematode worm, which I did not

identify, and several examples of a Planarian were seen, the latter

possessing a distinctly vacuolar parenchyma. Of the lower forms of

life many examples were observed : Arcellce, especially A. dentnta,

Amozbce, Actinophrys sol, and many Flagellata. Of these the Arcellce

persisted through all the changes, the Amcehce perished in low tem-

peratures, and Actinophrys, having only appeared lately, has not been

exposed to cold.

With these preliminaries I shall now pass on to my observations

on certain Infusoria, which I regret are somewhat incomplete, owing

both to lack of sufficient time to perfect them, and more especially

to the want of the necessary literature, which, for efficient work,

shoud be continually at hand.

Metopus, nov. spec.

The genus Metopus was originated by Claparede and Lachmann

for the reception of a species formerly described by O. F. M tiller as

Trichoda sigmoides, and by Perty as an unknown form. It presents

many peculiarities, and has hitherto been frequently mistaken for

other forms ; Balbiani, for instance, mistaking it for the young form

of Spirostomum ambiguum. It has been described from several

localities in Europe, Claparede and Lachmann having found it at

Berlin, Englemann at Leipzig, Stein at Tharand and Niegmegk (very

numerous among Lemna polyorrhiza and trisulca), and Balbiani at

Paris, but as far as I can ascertain it has not yet been described from

America.

The characters of the genus are thus given by Kent1
:
" Free-

swimming, highly elastic and changeable in shape, normally elongate,

oval, or fusiform, rounded at both extremities, cylindrical or only

slightly flattened; the anterior portion usually twisted obliquely

towards, and overlapping the left side of the ventral surface, sharply

1 Manual of the Infusoria. London. 1882.
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separated from the posterior portion
;

peristome field furrow-like,

commencing on left side a little distance from the anterior extremity,

produced obliquely downwards towards the right in a groove formed

by the oblique curvature of the body, and terminating in a short

pharynx at or shortly past the middle line ; on the contraction or

shortening of the body, the peristome with the pharynx lor the time

describes a complete spiral circuit, the animalcule presenting in this

condition a totally different aspect ; anal aperture postero-terminal

;

contractile vesicle single, posteriorly located. Inhabiting salt and

fresh water."

With this definition of the genus my observations, although identi-

cal in most particulars, do not exactly correspond. The points on

which I differ are mainly the position of the anal aperture, and the

number of contractile ves :
cles. On reference to the figure (PI.

fig. 1), it will be seen that I have represented the anus (a) as being

postero-lateral, and I have done so only after having witnessed the

emission of unconsumed food from that point. Claparede and
Lachmann 1 did not observe the anus, but mei'ely suppose it to be

situated posteriorly. Stein, 2 however, distinctly states that it is

postero-terminal, and on his authority it is so described above. As
to the contractile vesicles, I have observed two, one situated in front

of the pharynx (a. c. v.J and the other (p. c. v. J near the posterior

extremity but not quite central. On first observing the form I did not

see the anterior vesicle, probably on account of the constant rotation

about their long axis which the animals performed, and which, as

the vesicle is situated slightly in front of the junction of the over-

lapping anterior portion with the posterior one, would render it liable

to be overlooked. I, however, lately observed it in one form, but

having lost it, and having not as yet discovered another, 1 am unable

to confirm the observation. I would then alter these points of the

generic definition so as to read, "anal aperture posterior ; contractile

vesicle single or double."

The only species belonging to this genus that I have been able to

find reference to is M. sigmoides, and for it the genus was formed.

The descriptions of this form vary somewhat, but in no particular

sufficiently important to establish a new species. The characters of

1 Etudes sur les Infusoires et Rhizopodes. 1858-1S60.
a Der Organismus der Infusionthiere.
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the form which I observed differ so very considerably from those of

M. sigmoides, that I think it necessary to regard it, however, as a

new species. M. sigmoides is described by Claparede and Lachmann

as having the buccal fossa bounded by cilia much more vigoi-ous than

those of the rest of the body. In the digestive cavity anteriorly are

constantly found a number of granules, highly refractive, whose

signification is still problematic, and which recall very strongly those

found frequently in Paramecium Aurelia, and in certain Nassulm.

The contractile vesicle is spacious, and lodged in the posterior half of

the body, which is S-shaped. In the figure they represent the

nucleus as a morula-like structure. Engelmann 1 describes it thus :

"It reaches a size of only 0.15 mm., posteriorly is bent towards the

right not quite S-shaped, possesses at the posterior extremity some

long bristles and at the centre of the body a usually curved reniform

nucleus. Metopus possesses an adoral row of cilia of short bristles,

which are however in a strange manner fastened not on the upper

but on the lower side of the long peristome field. The upper border

of the peristome bears the usual cilia, as well as the whole anterior

half of the body." Engelmann's form accordingly differs from that

of Claparede and Lachmann in the possession of terminal setse,

which are neither mentioned by the latter authors in the text, nor

represented in their figure ; also in the absence of the highly refrac-

tive bodies, and in the shape and appearance of the nucleus. Stein,

again, describes this same form as occurring in three distinct shapes

—

the normal, described above, the shortened, and the rolled up ; and

also describes a bunch of terminal setse and a terminal anus. He
criticises Claparede and Lachmann's figure somewhat harshly, point-

ing out the non-pourtrayal of the proper curvature of the posterior

portion of the body, and the incorrectness of the structure of the

peristome and the nucleus, and the absence of the terminal bristles.

He evidently does not recognize the possibility of the form observed

by the Swiss authors being different from that he describes.

The form. I observed differs from these descriptions in many

respects, and the various differences may be discussed serially.

(1) The twisting does not appear to be as extensive as described

for M. sigmoides. On examining the figures of C. and L. it appears

that the plane of the anterior half of the body is parallel with that

1 Zeit. fiir Wiss. Zool. XI. 1361.
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of the posterior half ; whereas in my form they are almost at right

angles, and are more like Engelmann's description, "not quite S-

shaped."

(2) The situation of the anal aperture.

(3) The presence of two contractile vesicles.

(4) The presence of terminal setae distinguish it from C. and L's

form, but in this particular it resembles those of Engelmann and

Stein.

(5) The granules of the external portion of the protoplasm are

arranged in rows so as to give the borders of the body a striated

appearance, one stria apparently corresponding with each cilium.

This appearance is particularly noticeable, and is not represented in

any of the descriptions above referred to, and it may certainly be

concluded that it was not present.

(6) The nucleus (n) is situated near the pharynx, and is ovoidal,

with an endoplastule. In this it resembles Stein, but differs from

the other observers.

(7) The peristome field does not bend round the body as repre-

sented by Stein and C. and L., but merely runs obliquely downward,

being expanded at the top. This is dependent on the lesser extent

of the twisting in my form.

As regards the size of my form, it ranges from 0.17-0.19 mm.,

while Engelmann's measured 0.15 mm., and, according to Kent,

Stein's (?) measures ^Ju ^ of an inch, equivalent to 0.08-0.3 mm.,

a sufficiently large range to include almost anything, but which may

be explained by the existence, according to Stein, of three distinct

forms. Of the pharyngeal cilia, I can say nothing, not having suffi-

ciently studied them.

Taking into consideration these various points, I think the form

under observation was sufficiently characterized to be denoted a new

species, but so much variation occurs in the descriptions of M. sig-

moides, as given by different observers, that I do not feel justified in

giving my form a name, until by renewed research I have fully

satisfied myself of its specific distinctness.

SCYPHIDIA INCLINANS, D'UDK„

The genus Scyphidia belongs to the solitary, sessile Vorticellidce,

and attaches itself to foreign objects by means of an acetabuliform

organ. Considerable doubt prevails as to the true position of many
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forms described as belonging to the genus. It was originated by

Dujardin for the reception of S. rugosa, and Perty described another

form as S. patula. Lachmann, 1 however, disputes both these identi-

fications, regarding the forms as being merely recently attached im-

mature Vorticellce, and admits to the genus only two forms discovei'ed

by himself, viz. : S. limacina attached to small Planorbis, and

S. physarum attached to Physa fontinalis. Kent, in his Manual of

Infusoria, refers two other forms to this genus. Fromentel described

a form as S. rugosa, from which, however, it differed in possessing

three contractile vesicles, and a very short footstalk ; this Kent

terms S. Fromentelli. W Udekem's Gerda inclinans he also places

in this genus, the discoverer being somewhat undecided where it be-

longed, having described it as belonging to the closely allied genus

Gerda, while expressing a doubt whether it might not be referred to

Dujardin's Scyphidia, or to an immature form of his own Epistylis

tubificis. The form I had under observation (PL Fig. 2.) presented

a very close resemblance to this, differing, however, in some points

from Kent's description. Unfortunately, I only met with a single

example. This measured 0.075 mm., and was over three times as

long as broad. The adherent disc I was unable to see, as the ex-

tremity of the foot was constantly concealed among conferva?. It

tapers considerably posteriorly, and the body presents a fine trans-

verse striation. The ciliary disc is elevated somewhat above the

peristome, is inserted somewhat obliquely, and is capable of retrac-

tion. The mouth occupies the other half of the peristome, which is

furnished with a few bristle-like cilia. The ciliated pharynx leads

down from the mouth towards the centre of the body. Immediately

beneath the edge of the peristome and below the ciliary dise is the

single contractile vesicle (c. v.), while below it was a granular ovoid

body (n.), corresponding with which was a similar structure on the

other side of the pharynx. I was not able to distinguish any con-

nection between these two bodies, but imagine them to be portions

of the nucleus. According to Kent's description, D' Udekem's form

differs from mine in the comparative length and breadth, in the

smoothness of the cuticle, and in the snout-like projection of the

anterior margin when contracted. He also describes the animalcule

as being bent to one side when in the contracted state, and trans-

criber der Organisation der Infusiorien, insbesondere der Vorticellinen lluller's Archiv. 1856.
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versely wrinkled on the concave border. These points, however, do

not appear to be of sufficient moment to authorize the establishment

of a new species.

A peculiar feature in the ingestion of food was noticeable, which

1 have observed in no other form. Below the termination of the

pharynx was a clear spot (y), which appeared to be ciliated on first

looking at it, but the ciliation on further examination was seen to

belong to certain structures contained therein. On watching it, it

was seen to detach itself after a time from the pharynx and pass

down the left side of the body close underneath the cuticle, the cilia

continuing to work until it reached that point where the body com-

mences to taper off" into the foot, where it stopped and gradually disap-

peared. In the meantime a new spot has appeared at the termination

of the pharynx, and it in its turn passes through the same changes.

I believe the explanation of this phenomenon is to be found in the

• manner of feeding. The clear spot is merely an enormous food

vacuole, the animal not absorbing its food into the protoplasm of the

body, until a considerable quantity of it has been collected, and the

apparent ciliation of the vacuole, as stated above, is due to the pres-

ence of ciliated forms in its interior. The appearance and disap-

pearance of the vacuole is apparently rhythmical, but this was due to

the animalcule being in a situation to obtain a large and constant

supply of nutrition, but even then the intervals between the swallow-

ing of the vacuoles varied considerably.

Gyclidium glaucoma, eherh and margaritaceum.

These two forms occurred in considerable abundance, particularly

the former, which, however, seemed to be rather susceptible to cold,

while the latter was not affected. G. glaucoma (fig. 3) measures

about 0.019 mm., and is covered throughout with bristle-like cilia,

which, however, are capable of very powerful action. At the

posterior extremity of the body (and not the anterior as has been

stated) is the contractile vesicle (c. v.), and behind it an extremely

long seta. The mouth is situated on the under surface of the body,

and is provided with an exceedingly large hood-shaped retractile

structure (h). These forms collect in large numbers wherever the

light shines most strongly. Their motion is exceedingly rapid and

jerky ; usually remaining at rest, when disturbed one after the

22
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other will give a quick sudden jump, settling to repose again almost

immediately.

C. margaritaceum (fig. 4) differs from the preceding in many

respects. It presents the same hood-shaped structure (h) at the

mouth, which is in the same position, but the hood is not nearly as

large as that of G. glaucoma. It is somewhat large, measuring

0.024 mm., presents a somewhat pearly appearance, and is covered

with minute tubercles. The arrangement of the cilia is also very

different, the anterior three-fourths being covered with ordinary small

cilia, while at the posterior extremity are a few setae. It is con-

stantly in motion, seldom resting, and never moving in the quick

jerky manner characteristic of the other form.

The two following forms I observed in water from the University

creek, Toronto, which had been allowed to stand for some time, and

was almost destitute of green matter.

VORTICiLLA MICROSTOMA, EHERH.

The striations in this form (fig. 5) are not easily seen, but may be

observed most readily under oblique illumination. My object in

mentioning it is to confirm, or rather partially confirm, a phenomenon

observed by Kent. While watching one of these animalcules, I

observed it suddenly leave the stalk, which immediately contracted,

and swim away by means of the cilia of the disc, not developing a

posterior circle as is usual in such cases. The consequences of this

action I was unable to follow, as by the next morning the animal

was dead. Kent, however, has been able to follow it farther, and

states that it encysts, the cyst having a characteristic appearance.

ENGLENA ACUS, EHERH.

This form (fig. 6) occurred in considerable abundance. It was

0.126 mm. in length, and is mentioned on account of the entire

absence of the green colouring matter which usually characterizes all

members of this genus. The red eye-spot (e) was however plainly

visible. This was probably owing to their not being able to procure

their accustomed food. Kent, in 1880, received specimens from

near Birmingham, averaging 0.169 mm. in length, which presented

the same peculiarity, which he attributes to the above mentioned

cause. His forms were all exceedingly attenuate and stiff in their

motions. Certain of the forms I observed were capable of consid-
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erable movement, bending the body into a circle, or even twisting it

to form a spiral, but still the movements were stiff and ungraceful.

The .so-called amylaceous corpuscles, (c) on account of the absence

of pigment, were remarkably distinct and almost tilled the body.

They were much elongated. Dujardin imagined these structures to

be cai'bonate of lime, but the occurrence of no effervescence on the

addition of strong sulphuric acid at once disproves that supposition.

As regards their amylaceous nature, some doubt exists in my mind.

The constant association of starch with chlorophyll in the vegetable

kingdom, and the similarity between the green colouring of Euylena

and that of plants, has no doubt to a certain extent led to the suppo-

sition. But, as far as I know, no direct experiments as to the

decomposition of carbonic acid gas by Eugleivi have proved the

colouring matter to be chlorophyll, and further, we have here an

individual containing no green colouring matter, and yet possessing

large numbers of the corpuscles. Iodine or Iodine and sulphuric

acid stain amylaceous substances of a dark baownish-purple colour,

and these bodies when subjected to both these substances presented

no such reaction, a fact, which, of course, militates rather forcibly

against the amylaceous theory.

Guelph, January 25th, 1883.

PLATE.
n. = nucleus, c. v. = contractile vesicle, v. = food vacuole, ph. = pharynx,

h. = hood. a. = anal aperture.

Fig. 1.—Metopus n. s. a. c. v. = anterior contractile vesicle. p. c. v. =
posterior contractile vesicle. Zeiss obj. D., oc. 4.

Fig. 2.—Schyphidia inclinans, D' Udk. v1 = food vacuole undergoing ab-

sorption. Zeiss obj. J., oc. 2.

Fig. 3.—Cyclidium glaucoma, Ehrh. Zeiss obj. J., oc. 2.

Fig. 4.—C. margaritaceum. Zeiss obj. J., oc. 2.

Fig. 5.—Vorticella microstoma, Ehrh. Hartnack obj. 9, oc. 2.

Fig. 6.—Euglena acus, Ehrh. C. amylaceous (?) corpuscles, e. = eye spot,

tn. — mouth. Hartnack obj. 9, oc. 2.
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A TOPOGBAPHICAL AKGUMENT
IN FAVOUR OF

THE EARLY SETTLEMENT OF THE BRITISH ISLES BY CELTS,

WHOSE LANGUAGE WAS GAELIC.

BY NEIL MacNISH, B.C. LL.D.

I am of opinion that a topographical argument, so far as such an

argument can be regarded as valid and satisfactory, can easily be

framed out oi the names of the rivers, and mountains, and valleys

of England, Scotland and Ireland, in favour of the theory that the

branch of the Celtic family whose representatives now are the Gaels

of Scotland and Ireland was the first to enter the British Isles ; and

that those early Celts, after crossing into England from the Continent

of Europe at what is now known as the Straits of Dover, extended

northward and westward until they reached the extreme portions of

Scotland and Ireland. In his edition of Pritchard's "Eastern Origin

of the Celtic Nations" (p. 57), Latham thus expands the views

which Adelung advanced in his " Mithridates." " The Belgae, the

author, i. e., Adelung, makes Kelto-Germans ; and connects them with

the Cimbri, the doctrine running thus : That part of Northern Gaul

which Csesar gave to the Belgae, though orginally Keltic, came to

be invaded by certain tribes from Germany. These styled them-

selves Kimri, or, as the Bomans wrote the word, Cimbri . . . Belgae

was the name by which the Gauls designated the Cimbri. Some

time, perhaps not very long before the time of Csesar, these Belgic-

Cimbri, German in some points, Kelt in others, invaded Britain,

until then an Erse or Gaelic country, and occupied certain portions

thereof until, themselves invaded by the Bomans, they retired to

Wales and thence to Brittanny. If so, the whole of the British

Isles was originally Gaelic. If so, the language of Southern and

Central Gaul was more or less Gaelic also. If so, the so-called

British branch of the Keltic stock had no existence as a separate
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substantive form of speech, being merely a mixture." According to

the reasoning of Adelung, therefore, the earliest settlers of the

British Isles were those Celts who spoke Gaelic and whose descend-

ants ai'e the Gaels of Scotland and Ireland ; and the Cimbri, whose

descendants the Welsh are, entered Britain at a later date.

Nicholas, in his preface to The Pedigree of the English People,

(p. 7), thus writes respecting the argument which he pursues in his

book :
" It is first shown that the numerous tribes found by the

Romans in possession of the British Isles were all presumably of

what is called the Celtic race, and presented only such dissimilarities

as would arise from separation into independent Clans or States.

Although among these numerous tribes, the Cymry may

rightfully claim pi'e-eminence, as that branch of the family which

both sustained the heaviest shock from the Teutonic invasion and

tinged most deeply the new race with Celtic blood—the Gaels

having from remote ages pushed their way northward and into

Ireland—the term ancient Britons cannot be confined to them, but

must be made to comprehend in short all the early Celtic inhabitants

of Britain and Ireland."

It is important to notice that in the judgment of Nicholas, the

Gaels pushed their way in the far-off past and before the arrival of

the Cymry, northward and into Ireland : in other words, that the

Gaels arrived before the Cymry in the British Isles, and that enter-

ing these Isles in the south of England, they gradually extended to

Scotland and Ireland. According to Nicholas (p. 34), Meyer assigns

two principal routes to the Celtic tribes in their westward progress

from Asia :
" One route he traces through Syria and Egypt, along

the northern coast of Africa, across the Straits of Gibraltar, and

through Spain to Gaul, where it separates into three branches, one

terminating in the British Isles, the other in Italy, and the third

near the Black Sea. The other great stream of migration ran less

circuitously and more northwards through Scythia in Europe, the

shores of the Black Sea, Scandinavia, or Jutland, Prussia, through

Northern Germany, the plains of the Elbe, and to Britain across the

German Ocean. It is conjectured that the stream which came by

Africa and Spain was the earliest to reach Britain. They may have

been the Gaels."

As to who the Cimbri were, and as to where their home on the

Continent of Europe was, Nicholas thus writes (p. 31) : " Local
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names in Jutland, and words in the vernacular of Schleswig and

Holstein, are found to be Cymric. It is difficult to know why the

Chersonese should be called Cimbrica at all, except for the reason

that the Cimbri abode therein ; and it is impossible to accoturt for

the belief of ancient historians that this peninsula was inhabited by

Cimbri, unless such was the case. Equally difficult is it to account

for the adoption of the name Cymry or Cyruri by the people now
i-epresented by the inhabitants of Wales, unless we allow as the

reason their relationship to the ancient Cimbri. The plain account

of the name Cymro or Cymru is that it is a modification of Cimbi*i,

just as Cimbri again, according to the testimony of Diodorus, is a

slight modification of Cimmerii." Whatever other value the opinions

which have been cited respecting the order in which the two divisions

of the Celts entered the British Isles may have, a strong expectation

will thus be formed that when the topography of these Isles has

been closely examined, it will corroborate the theory that the Gaels

came at an earlier time than the Cymri from Europe, and that those

Celts who still speak the Gaelic language are the descendants or

representatives of the earliest Celtic occupants of Great Britain and

Ireland. Nor, so far as the value of such a topographical argument

is concerned, is it material to determine the question, as to whether

there were races in Britain before the Celts made their appearance,

the desire being simply to ascertain what the Celtic names of streams,

and rivers, and headlands, and mountains, and hillocks have to

teach respecting the manner in which the Celts must have spread

over the British Isles. In his Celtic Scotland (vol. 1, pp. 164, 226),

Skene says ;
" Archaeology enables us to trace the previous existence

of a people of a different race, indications of which are to be

found to a limited extent in the earlier notices of Britain and its

topography. . . . The Celtic race in Britain and Ireland was

preceded by a people of an Iberian type, small, dark-skinned and

curlydieaded." It will be generally admitted that the names of

rivers, and lochs, and hillocks, and mountains, and headlands, and

bays which are to be found in any country, furnish a very useful

guide for determining who the earliest settlers of the country were,

and who were the earliest races that had sufficient strength and

importance, and continuance to leave indelible traces of their presence

in the topography of the country. Such names as Ottawa, Ontario,

Toronto, Niagara, Caughnawaga, Manitoba, &c, will always pro-
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claim that the Indians were at least the earliest occupants of any

permanence or strength in Canada, and that whatever alterations

may occur in our population owing to the unrest of modern times,

the very names of our lakes and livers will continue to remind us of

a time when the Indians had supreme, if not undisputed, sway in

our Dominion.

It will frequently be found that the leading names of rivers and

mountains are very expressive, enabling us to perceive how very

observant those early and untutored tribes were, and how remarka-

ble their success was in framing names whereby the characteristics

of stream, and hill, and loch, and headland are pourtrayed with

faithful accuracy.

In his article on Gaelic Language and Literature in the Encyclo-

pcedia Britannica, Dr. MacLauchlan remarks that " Topography is

a remarkable source of evidence and one that will be made to serve

. purposes it has never served as yet." Skene asserts Hhat "the oldest

names in a country are those which mark its salient physical features

—large rivers and mountains—islands and promontories jutting out

into the sea. The names of livers and islands are usually root-

words, and sometimes so archaic that it is difficult to affix a meaning

to them. In countries where the Topography obviously belongs to

the same language with that spoken by the people who still possess

it, though perhaps in an older stage of the language, it presents

little difficulty. It is only necessary to ascertain the correct ortho-

graphy of the names and apply the key furnished by the language

itself in that stage of its form to which the words belong. This is

the case with the greater part of Ireland and with the Highlands of

Scotland, where the local names obviously belong to the same Gaelic

language which is still the vernacular speech of its population."

The conjecture is at least pardonable that in the earliest migra-

tion of the human race, when the knowledge and ingenuity of men
were in the rudest form, and when in the tiny craft that then

obtained, even adventuorous races would not care to face the storms

of an open sea, the Celts who had their home in Gaul would natur-

ally select the narrowest portion of the strait that divides England

from Europe for the purpose of entering the British Isles. Calais

is a faithful reproduction of Caolas—a Gaelic word which signities

1 Celtic Scotland, vol I., pp. 212, 213.
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a strait, and which in its simplest root Caol is of frequent occurrence

in Scotland. In such words as Na Caoil Bhoideach, the Kyles or

Straits of Bute; Caol ant-maimh Colintraive; Gaol Mhuile, the Sound

of Mull ; 'Caol lie, the Sound of Islay ; CwJl Dhiura, the Sound of

Jura, the first syllable Caol of Calais occurs. In Baile-Chaolais,

Ballachuluh, at the mouth of G-lencoe in the north of Argyleshire,

there is an exact reproduction of Calais or Caolas. Baile-Chaolais,

which may be regarded as the Shibboleth of English tourists, means

" the village or hamlet of the strait." It is remarkable that there

should be so striking a correspondence between the word Calais and

many words in Scotland which signify strait or narrow arm of the

eea. In Colne, the name of a river in Essex and of another river

in Gloucester, compounded as it is of Caol and Amhainn, an, a river,

and signifying, therefore, the narrow river, we have another example

not far from Calais itself, of the root which enters into it. There is

nothing unreasonable in the conjecture, that the Celts who gave its

name to Calais and their names to the Kyles of Bute, and to many of

the straits of Scotland, spoke the same language and were one and

the same people.

Dobhar is an old Gaelic word which signifies water or the border

of a country : it has the same meaning in Irish Gaelic. Dobhar is

found in Scotland in such words as Aberarder, the ancient spelling

of which was Aberardour, i.e. the confluence of the water of the

height. Dobhar is also present in the word Aberdour, the ancient

spelling of which was Aberdovair, i.e. the confluence of the water or

stream: it is also present in Aberchirder, Aber chiar dur, the con-

fluence of dark-brown water; and in Calder, which was formerly

spelled Kaledover and Kaledour, i.e. Coille dur, the wooded stream.

It is quite evident that the word Dobhar is of common occurrence in

the Topography of Scotland. If we choose to assign to it the inter-

pretation of the border of a country, we can discern a fitness in such

a designation so far as the Celts of Gaul were concerned, Dover

being to them the nearest portion of Britain. In any case, the

words Calais and Dover are purely Gaelic, and have many kindred

names in the topography of Scotland. Cam, the classical stream of

Cambridge, is the Gaelic Cam, crooked. Isis, the classical stream of

Oxford, is likewise a Gaelic word. In his Words and Places, Taylor

maintains that Isis is a reduplicated form of is, one of the contrac-

tions which the Gaelic word uisge assumes. "The Isis," he says,
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" contains the root in a reduplicated form, and the Thamesis or

Thames is the broad Isis." Whether the interpretation which Taylor

gives of Isis be correct or not, or whether we may find in that word

the root eas a cascade, an eas, or a sios downwards, there can be

little doubt that Isis is a Gaelic word. It is better to regard Tamh,

the first syllable in Tamesis, as meaning quiet or silent, or as the

root Tabh, water, which occurs in Tay and Tagus.

The rivers Anne, in Devonshire, and Ehen, in Cumberland, come

from amhainn, the Gaelic word for river. Esk, in Yorkshire, and

Eskle, in Hereford, faithfully reproduce uisge, the Gaelic word for

water. Devon is a contraction of da, two, and amhainn, an, river, and

therefore means two rivers. The Exe in Devonshire, the Ouse in

Yorkshire, the Ouse in Norfolk, and the Axe in Somersetshire, are

derived from the same root uisge, water. Leven, in Yorkshire, is

compounded of Hath, hoary or grey, and amhainn or an, a liver, and

means the grey river. Don, in the same county, is a compound of

dubb, black, and an, i.e., the black river, or it may simply be from

domhainn, deep. Don is the name of a river in Aberdeenshire, and

Doon, in Ayrshire, is the same as Don. Dee, in Cheshire, is com-

pounded of da, two, and abh, water, Daabh, Deva, Dee, and means the

two waters. Aire, in Yorkshire, the river on which Leeds is situated,

is compounded of a, water, and reidh, smooth, i.e., the smooth water.

It is the same as the river Ayr in Ayrshire, the river Aray in

Argyleshire, and the river Arra in Tipperary.

Tyne, in Northumberland, and also in Haddington, is from teth,

warm, and an, a river, the warm river.

Aldie, in Suffolk, is from edit, a stream, and dubh, black or dark,

the black stream.

Lee, in Cheshire, is from liath, hoary.

Leen, in Nottingham, is from liath, hoary, and an, the hoary river.

Stour is the name of six different rivers, and comes from sturr,

rough, uneven.

Cover, in Yorkshire, is the Gaelic word cobhair, froth, and means

the frothy river.

Avon, which is the Gaelic word amhainn, occurs in many parts of

England.

Severn is from seimh, smooth or calm, and burn, watei\

The names of English streams and rivers which have now been

adduced, may suffice to show, because they are undoubtedly Gaelic
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words, that tribes or people who spoke Gaelic must have preceded

the Cymri or Welsh in England ; and that one and the same people

gave, in the unrecorded beginnings of human settlement in Britain,

names to the rivers and streams of England and Scotland. Altera-

tions in the topographical names of England must have been made

to a much larger extent than in Scotland or Ireland, in consequence

of the successive and powerful waves of invasion that swept over it

from the time of the Romans until the Norman conquest.

The Gaelic word Dun (hillock or fort), which is of very common
occurrence in Scotland, still survives in many parts of England. In

Doncaster, with its Latin termination ; in London, whose second

syllable is supposed to be dun, the hill or fort on which St. Paul's

Cathedral now stands ; in Dunstable, Dunmore and Dundiy in

Somerset, the word dun is to be found. Linn the Gaelic word for

pool occurs in Lincoln and in Linn, as it does in Loch Linne, in

Argyllshire, in Dublin and Roslin. Beinn (ben), the well-known

Gaelic word for a hill, may be discovered in Penard or Beinnard,

high hill, in Somerset, (the letters b and p being convertible), and in

Penn in Buckinghamshire. Ceann, the Gaelic word for head, which

occurs frequently in the Topography of Scotland and Ireland, appears

in England in Kenne, in Somerset; in Kennedon, (i.e., ceann an

duin, the head of the hillock), in Devonshire ; Kenton, {ceann duin,

head of the hillock), in Middlesex ; Kencet, in Oxfordshire, and

Kencomb (ceann cam, the crooked head), in Dorsetshire. There is

a striking similarity between Cheviot tin Cheviot Hills) and

tiughad, the Gaelic word for thickness. With regard to England,

Taylor remarks that " over the whole land almost every river-name

is Celtic : most of the shire names contain Celtic roots, and a fair

sprinkling of names of hills, and valleys, and fortresses bear witness

that the Celts were the aboriginal possessors of the soil."

When we turn our attention to Scotland, we find that over the

entire extent of that countiy,—in the names of mountain and glen,

of strath and cony, of pass and headland, of stream, and loch, and

river, in sequestered islands, as well as in the heart of large cities

and centres of population and industry, words of the purest Gaelic

are to be found,—words which serve to connect the present time

with the far-off centuries, and to testify that in the Gaelic as the

Scottish Highlanders have it and speak it, there is perpetuated the

language of those early Gaels, who, before they could leave an
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indelible record behind them in the names of streams, and hills, and

valleys, must of necessity have held for a long time undisputed

possession of the country.

It is noteworthy that, though for more than 1,300 years Gaelic

has not been spoken in the South of Scotland, Gaelic words con-

tinually occur in the Topography of that part of the Kingdom. A
brief reference must here be made to a theory which has as its

advocates such scholars as Chalmers in his Caledonia, Dr. Mac-

Lauchlan and Taylor—the theory that at one time the Cymri occupied

the region which was known as Strathclyde; and that the topo-

graphical names of that portion of Scotland are Cymric and not

Gaelic. Taylor, in his Words and 7'laces, thus writes (pp. 257, 258,

259) :
" The Cymry held the Lowlands of Scotland as far as the

Perthshire hills. The names in the valleys of the Clyde and the

Forth are Cymric not Gaelic. .
'

. . To establish the point that

the Picts, or the nation whatever was its name, that held central

Scotland was Cymric not Gaelic, we may refer to the distinction

between ben and pen. Ben is confined to the west and north, and

pen to the east and south. Inver and Aber are also useful text-

words in discriminating between the two branches of the Celts.

The difference between the two words is dialectic only, the etymology

and the meaning are the same—a confluence of waters either of two

rivers, or of a river with the sea. ... In Scotland the invers

and abers are distributed in a curious and instructive manner. If

we draw a line across the map from a point a little south of Inverary

to one a little north of Aberdeen, we shall find that (with very few

exceptions) the invers lie to the north of the line, and the abers to

the south of it. This line nearly coincides with the present southern

limit of the Gaelic tongue, and probably also with the ancient

division between the Picts and Scots. The evidence of these names

makes it impossible to deny that the Celts of the Scottish Lowlands

must have belonged to the Cymric branch of the Celtic stock." By

way of refuting the theory which Taylor has thus expounded, in

reference to the prevalence of Cymric and not of Gaelic names in the

region which was known as Strathclyde, it will be sufficient for my

present purpose to cite the conclusions at which Robertson and

Skene have arrived after able and mature consideration of the

theory in question.
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In his Historical Proofs of the Highlanders, Robertson thus

writes : "The great number of genuine Gaelic names of places that

exist in parts which we know were inhabited in the south-west

of Scotland by Britons, undoubtedly prove that the Gael had there

preceded them, and even lead to the conclusion that the British or

Welsh occupation had only begun therein with the invasion of the

Romans and under their protection." In his valuable and ingenious

work on the Gaelic Topography of Scotland, the same author, after

an exhaustive examination of the theory in question, in the discus-

sion of which his Celtic temperament sometimes assumes unnecessary

warmth, concludes (p. 99): "that instead of aber being, as Dr.

MacLauchlan contends, in Scottish topography always joined to

pure Welsh words, the truth is that in all Scotland there is not a

single aber which has Welsh words joined to it. As to Dr. Mac-

Lauchlan's second statement that aber is never associated with a

a Gaelic word, the truth is that in the whole of Scotland every

instance where words are joined to aber they are Gaelic. The abers

are as invariably joined to Gaelic words as are the (rivers ; and both

aber and inver were used to signify a confluence by the Gaelic-

speaking race who originally gave all the Gaelic designations in

Scotland, namely, the Caledonian Gael." Skene (Celtic Scotland,

vol. I., p. 221), effectually disposes of Taylor's theory so far as the

dividing line which the latter draws between the region of invers

and abers is concerned. Skene thus writes :
" This would be a

plausible view, if true, but unfortunately there is no such line of

demarcation between the two words. South of Mr. Taylor's line

there are in Aberdeenshire 13 abers and 26 invers ; in Forfarshire,

8 abers and 8 invers ; in Perthshire, 9 abers and 8 invers ; and in

Fifeshire, 4 abers and 19 invers. ... If these words afford a

test between British and Gaedhelic, we might naturally expect to

find as many abers in what was the Strathclyde kingdom as in

Wales, but there are no abers in the counties of Selkirk, Peebles,

Ayr, Renfrew, Lanark, Stirling and Dumbarton, 4 abers in Dum-

friesshire, 6 in Lothian, and none in Galloway ; and when we proceed

further south, we find nothing but abers in Wales, and no appear-

ance of them in Cornwall." There can be no doubt that the

Topography of what was known as Strathclyde is Gaelic and not

Cymric, and that Robertson and Skene have successfully refuted the

theory of Dr. MacLauchlan and Mr. Taylor. And, even were it
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granted that Cymric names occur in the Topography of Strathclyde,

it would still be true that the names of streams, and hills, and valleys

in that part of Scotland are purely Gaelic.

Taylor correctly observes in his Words and Places (p. 203) : "That

the river-names, more especially the names of important rivers are

everywhere the memorials of the very earliest races. These river-

names survive where all other names have changed : they seem to

possess an almost indestructible vitality." The names of the streams

and rivers that occur in the southern counties of Scotland are so

manifestly of Gaelic origin, that they refute the theory to which

allusion has already been made, e. g.

In Wigtonshire are Tarff (tarbh, a bull), the wild river. Cree,

criadh, clay, perhaps owing to the colour of the water.

In Ayrshire are the rivers Ayr, a, water, reidh, smooth. Doon =
Don, dubh an, the black or dark river. Girvan, town and river,

.garbh, rough, an, river, rough river. Irvine, town and river, far,

west, an, the west river.

In Kirkcudbright are Dee = da, two, abh, water, double water.

Ken, ceann, a head. Urr, oir, a margin, from the direction in which

it flows.

In Dumfries (Dunphreas, the fort of the copseioood), Esk, uisge,

water. Annan, an, quiet, and an, the quiet river.

In Lanarkshire, Avon, amhainn, river, which flows into the Clyde.

Douglas, dubh and glas, grey, the black, grey stream. Kelvin, coille

an, the wooded river. Clyde — Cliid = Cli, strong.

In Peebles, Esk, uisge, water. Lyne, Linnhe, pool, as in Dublin,

Loch Linnhe. Leithen, Hath, hoary, and an, the hoary river.

Earn, Ear, east, and an, the east river.

In the counties of Roxborough and Selkirk are some of the rivers

that have been celebrated by Sir Walter Scott, e. g., Teviot taobh, a

side, and aite, a place, from the course which the Teviot pursues.

Ted, teud, a string, owing to the straight channel of the river.

Gala, geal, white, and a, water, the white water. Tweed, tuath,

north, and aite, a place, from the direction in which it flows. Yarrow,

garbh, gharbh, rough. Enrich, an, river, riabhach, greyish, the

greyish river.

Those rivers in Strathclyde, whose names have now been given,

are purely Gaelic and not Cymric, and thei'efore invalidate the

theory that the Topography of Strathclyde is Cymric.
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In the Mull of Galloway, the word mull or maol, bald, is the same

word that occurs in the Mull of Kintyre, and in Malin Head

(Maolan), in the north of Ireland. Galloway is Galway in Ireland,

and is a compound of gall, a stranger, taobh or thaobh, a side or

direction. Tairbeart, the Gaelic word for Isthmus, which is of

frequent occurrence in the Topography of Scotland, is found near the

Mull of Galloway. There are in Wigtonshire such additional Gaelic

names as Glenluce, gleaan au luis, the glen of the iiltmt : Druuimore,

Bruim trior, the large ridge : Blairbowie, blar buidhe, the yellow

plain : Loch Ryan, reidh an, the loch of the smooth river :

Machriemor, the large field : Stranraer, srath an rogha fheoir, the

Strath of the good pasture.

In Ayrshire are Ballantrae, Baile 'n traighe town or hamlet of the

shore : Maybole, magh, a plain, baile, a town, the plain of the town :

Mauchline, magh linne, the plain of the pool. Magh is a common

word in the Topography of Ireland, e.g., Armagh, Mayo, Omagh.

In Ayrshire are also Dairy, Dal-righ, the field of the king : Dunlop,

Dun Luibe, the foot of the corner or angle : Largs, Learga, a plain,

and a word of constant occurrence in the phrase Learga Ghallda,

the Lowland Largs.

In the Yalley of the Clyde are Strathaven, Straven, the strath or

valley of the river ) and Inbhiravon, the confluence of the river.

Melrose is compounded of meall, a heap, and rois, ros a promontory,

the projecting hill. Eildon is eile, another, and dun, a fort, the

other fort or hillock. Linlithgow is compounded of linne Hath,

dhubh, and accordingly means the grey-dark pool. The examples

which have now been given from the Topography of Strathclyde

may suffice to substantiate the conclusion, that the Gaels gave names

to the rivers and prominent places of that region before the

Cumbrians obtained possession of it.

From that portion of Scotland which has always been inhabited

by Gaels, it will be well to take a few topographical names merely,

if for no other purpose than to show how strong and unmistakable

the correspondence is between the names of the rivers and streams

of England and of Ireland (as will subsequently be seen), and between

those names which are acknowledged alike by friendly and unfriendly

critics to be purely Gaelic.

Achadh, the Gaelic word for field, is of frequent occurrence in the
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Topography of Scotland. Achadhrnore, the large field. Achray,

achadh reidh, the smooth field.

Dal, another name for field, occurs in such words as Dalmore, the

large dale ; Dalness, dal an eis, the dale of the cascade ; Dalhousie,

dal na h-oisne, the dale of the corner.

Aber, a word of which mention has been made at some length

already, compounded as it seems to be of ath, ford, and bior, water,

water-ford, is frequently found in the Topography of Scotland, e. g.

Aberdour, aber dur, water : the confluence of the water.

Aberlour, aber, luath, fast ; dur = the confluence of the rapid

water.

Loch Aber = the loch of the confluence.

Aberfeldy, aber feathail, calm : the calm confluence.

Ard means a height, e.g.

Airdrie, ard an righ, the king's height.

Ardentinnie, ard na teine, the height of the fire.

Ardrossan, ard ros fhonn = the land of the high promontory.

Ardthornish, ard thor an eis, the high cliff of the cascade.

No word is of more frequent occurrence in Gaelic Topography

than amhainn, Avon, which is supposed to be a compound of abh,

water, and -inne, a channel. In addition to the names of rivers

which have been already mentioned in connection with the Topo-

graphy of Strathclyde such names may be cited as :

—

Ness, an eas : the water or cascade.

Carron, car amhainn : the crooked river.

Nairn, an ear an : the east river.

Orchy, oir, edge, and achadh : the edge of the field.

Leven, Hath an : the hoary river.

Cona, cmnhann, a : the narrow water.

Bannockburn, ban cnoc bum : the water of the white hill.

Baile, a fai-m, or town, or hamlet, occurs often, e.g.

Balmoral, baile morail : the stately town.

Balfour, baile fuar : the cold town.

Beinn, ben, is everywhere to be found in the Topography of

Scotland, e.g.

Ben Wyvis, Beinn an uamhais, the hill of terror.

Ben Nevis, ninth bhathais, the hill of the cold brow.

Ben Cruachan, cruachan, a hip, the cone-shaped hill.

Ben Mac Dui, muc dubh, the hill of the black pig.
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Cairngorm, the blue cairn or mound.

Bennan, Beinn an, the mountain of the river.

Benvenue, mheadhonaidh, the middle mountain.

Benledi, Beinn le Dia, the hill of God.

Dun (Dun), a hillock, is an appellative which is present in very

many names, e.g.

Duneidinn, dun eidinn, the hillock of Edwin.

Dundee, dun dhia, the hillock of God.

Dunbarr, barr, a point, the fort of the point.

Words into which gleann, a glen, enters, are very numerous, e. g.

Glencoe, gleann cumhainn a, the glen of the narrow water.

Glenbervie, barr bhuidhe, the glen of the yellow top.

Glengarry, gaih ruith or garbh ruith, the glen of the straight or

rough running [stream].

Coille is found in the first syllable of many words, e. g.

Kildarroch, Coille daraich, the wood of the oak.

Callander, Coille an darach, the wood of the oak.

Kill, a cell or Church or burial ground, enters largely into the

names of Churches which had graveyards attached to them, e. g.

Kilcherran, kill Ciaran, the Church of Saint Ciaran.

Killean, kill, Illeathain, the Church of the servant of St. John.

Kilmory, Muire, the Church of Mary.

lnver, a confluence is supposed to be compounded of Inne, a

channel, and bior, water. The examples of it are numerous in the

Topography of Scotland, e. g.

Inverary, inbhir a reidh, the confluence of the smooth water.

Inversnaid, snathad, a needle, the confluence of the needle.

Inveresk, esk, uisge, water, the confluence of the water.

Inverleith, Hath, hoary, the hoary confluence.

Loch is the Gaelic word for lake or lakelet, e. g.

Loch Aline, aluinn, splendid, the splendid loch.

Loch Carron, car amhainn, the loch of the crooked river.

Lochee, / an island, the loch of the island.

Lochness, an eis, the loch of the cascade.

Lochnell, nan eala, the loch of the swans.

Loch Laggan, laggan, a hollow, the loch of the hollow.

Locheil, eile, another, the other loch.

Srath—Strath embraces a wider extent of land than gleann :

words into which it enters as a component part are of frequent

occurrence, e. g.
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Strathaird, aird, high : the high strath.

Strathglass, glass, grey : the grey strath.

Strathearn, iar an : the strath of the western river.

Tigh, a house, is present in such words as Tyndrum, tiyh an

druim : the house of the ridge.

Tom, knoll, forms the first syllable in such words as Tomban,

the white knoll ; Tombreck, the spotted knoll.

Torr, a Jimp, appears in such words as Toraven, torr amhainn, the

heap of the river ; Torantuirc, torr an tuirc, the heap of the boar
;

Torness, torr an eis, the heap of the casade.

Tulach, a hill or knoll, forms the first syllable of such words as

Tullochgorum, the blue hillock ; Tillycoultry, tulach cul tir, the

hillock of the back of the land.

It' is instructive to observe how in the names of the hills and

valleys, of the lochs and rivers, of the prominent headlands and

picturesque cascades of Scotland, the Gaelic of our time is undoub-

tedly to be recognized ; and how the strongest link is thus established

between the Scottish Gael of the nineteenth century and the Gael

of it may be several centuries before the Christian era.

The eary Irish annalists gave unbridled reins to a vigorous imagi-

nation for the purpose of tracing the first settlers of Ireland from a

very remote antiquity. Dr. Sullivan, in an article on Celtic Litera-

ture in the Encyclopaedia Britannica, thus remarks :
" In any case,

the time has scarcely come for dissecting and analysing the curious

tissues of legends . . . which constitute the mythical parts of

Irish history. As in the case of other nations of middle and north

Europe, the true chronological history began in Ireland either by

contact with the Romans, or with the introduction of Christianity
;

and like the medieval chronicles the genealogists tacked on the pedi-

gree of Irish kins and chieftains to those of Genesis."

The Topography of Ireland furnishes the most satisfactory evidence

of purely Gaelic origin, and indicates that those who gave its names to

the Topography of Ireland spoke the identical language which is now
spoken in the Highlands of Scotland and in many parts of Ireland

itself. The Scots, who gave the name to Scotland which it now has,

came originally from Ii'eland. It is maintained that the word Scot

is the Gaelic Scuit, a wanderer, and that from Scuit the Romans

took the designation Scoti. Robertson remarks that Ammianus
Marcellinus is the first writer that mentions the Scots, and that he

23
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calls them Scoti vagantes, i. e.', the wandering Scots, proving thus

that they could not be natives. Bede calls these marauders Hiberni,

i. e., Irish, and Gildas says that " the Hibernian robbers return

home." As it was only in the beginning of the sixth century that

the Scots came to have any permanent home in Albin, it is evident

enough that they came too late to have any material influence on the

Topography of that country. In his introduction to the Dean of

Lismore's book, p. 28, Skene thus effectually disposes of the allega-

tion of Irish historians that the language of the Scoti or of Gaelic

Dalriada had subsequently to the ninth century spread, with the rule

of a Scottish king, over the whole of the Highlands not embraced in

that limited territory :
" They (the Irish historians) have never

attempted to account for the entire disappearance of the previous

language, and the expulsion of the previous population of so exten-

sive a district, so mountainous and inaccessible in its character, and

so tenacious of the language of its early inhabitants in its Topography,

which such a theory involves."

Were it true that the Scoti, who eventually succeeded in giving

their name to the country which was formerly known as Albin,

displaced the Celtic tribes of that country, it is veiy strange that

no word representing S< oti has hitherto found its way into the Gaelic

language, and that to this day Scottish Celts are wont to say regard-

ing themselves, Is Albannaick mise : I am a native of Albin ; Is

Albannaich sinne : We are natives of Albin. Even respecting

those inhabitants of Scotland whose blood is not Celtic and whose

language is not Gaelic, the Scottish Gael always says, Is Albannaich

iad : They are natives of Albin. A refutation of the opinion that

the Scoti subdued or exterminated the Gaels who occupied Scotland

before their time, may surely be found in the entire absence from the

Gaelic language of any word representing Scotland.

In turning attention to the Topography of Ireland, I shall,

deferring to the extraordinary and sensible importance which Taylor

assigns to the names of streams and rivers, first consider the names

of the Irish streams and rivers that it may be seen how purely Gaelic

they are.

In Antrim are the rivers Bann, a bend or hinge ; Bush, buas,

abounding in cattle; Braid, braghad, neck; Main, min, soft, gentle;

and Don, dubh-an, the dark river.
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In Londonderry are Roe, ruadh, red; Foyle, Feabhal, fual, water;

Cas, rapid ; Esk, uisge, water,—the name of a river that occurs in

England and Scotland.

In Donegal are the rivers Finn, pale, white ; Suilly, suileach,

sparkling, or saileach, willowy.

In Tyrone are Derg, dearg, red ; Mourne, muirn, delight.

In Fermanagh are Erne, iar an, the west river ; Arney, iar an,

diminutive west river.

In Sligo, Gara, garbh, rough ; Easkey, uisge, water ; Avengorm,

the blue river.

In Mayo are Bangor, beann (har, mountain-winding ; Adar, ath,

a ford, and dara, an oak, oak ford.

In Galway, Suck, suction, drawing, and Clare, flat or even, clar.

In Clare, Fergus, fear, person, one, gus, face ; Dombeg, doom, a

house or town, bush, and beg, small ; Shannon, sean, old, amhainn,

the old river.

In Limerick, Maig, pride or proud gait ; Deel, da&l, a leech

;

Starr, slorr, rugged. The river Sfcorr occurs several times in

England.

In Kerry, Feale, fual, water ; Flesh, fieasc, lawn or Jleasg, mois-

ture, flinch ; Lanne, linnhe, a pool ; Roughty, roichteadh, a great

cry, noise ; Avenbui, the yellow river.

In Cork, Lee, Hath, hoary, a word which occurs often in the river-

names of England and Scotland ; Bandon, ban, white, and donn,

brown (perhaps) ; Islin, is uisge, water, and linn, pool, water-pool.

In Waterford, Suir, water or river.

In Wexford, Barrow, bearbha, still water ; Slanley, slan, sound,

entire ; Bann, a bend or hinge.

In Tipperary, Arra, a, water, and reidh, smooth, the smooth

water. Arra is identical with Aire in Yorkshire, with Aray in

Argylshire, and Ayr in Ayrshire ; Tar, across or tara, quick ; Nier,

an iar, west.

In Kilkenny, Nore, anfheoir, the grass.

In Wicklow, Avenmore, the large river.

In Dublin, Liffey, Hath, hoary, and buidhe, bhuidhe, yellow, the

hoary yellow river ; Dour, dobhair, water ; the Dover of England,

and Dour in Aberdour, and Calder, &c, in Scotland.

In Meath, Aney, amhainn an, diminutive of rivers ; Boyne,

boinne, drop or water.
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In Louth, Dee, da abh, double water. Dee is the name of a river

in Cheshire and of several rivers in Scotland.

In Cavan, Annalee, an liath, the hoary river.

In Down, Bann, a bend or hinge ; Lagan, a hollow.

In Longford, Camlin, cam, crooked—the Cam of Cambridge—and

linn, a pool.

The streams and rivers of Ireland perpetuate purely Gaelic names,

names which occur in the Topography of England and Scotland, and

which tell that the same people in ages, however remote, gave names

to the streams and rivers of the British Isles.

The names of the Irish lochs are generally traceable to Gaelic.

In Fermanagh are Loch Erne, iar an, the loch of the west river

;

Melvin, meall, a mass or heap, and min, soft, nieall, mhin ; Gill, the

Loch Goil of Scotland, from goil to boil.

In Mayo are Loch Conn, Loch Cuan, the loch of the ocean

;

Mask, measca, mixture or confounding ; Loughrea, riach, riabhach,

grayish loch.

In Clare, Loch Roe, ruadh, the reddish loch ; Loch Derg, red, the

red loch ; Loch Doo, dubh, the black loch.

In Kerry, Loch Allua, allaidh, savage or wild loch.

In Cavan, Loch Ouchter, uachdar, upper, the upper loch ; Loch

Sheelin, sith pass, linn, pool or water; Loch Neagh, loch n' eathach

;

Loch Gur, gair, gearr, short ; Loch Foyle, feabhail, fuail, water

;

Loch Suilly, suileach or sailecch.

The names of the islands that lie along the Irish coast are also

Gaelic, e.g.

:

Rathlinn, rath, defence or way, and linn, pool.

Innistrahull, innis tri chaoil, the island of the three straits. The

last syllable, caol, is the first syllable in Calais, and is identical with

Caol in the Kyles of Bute, and in Caol Isle, &c.

Torry Island, on the western coast, from torr, a heap.

Inishbofin, innis bofin, cow white as milk : island of the milk or

white cow.

Inishfree, freadh, plundering : the island of plundering.

North Inniskea, stjiath, a wing; Skye in Scotland : the island of

the wing.

South Inniskea : island of the wing.

Innisturk, tore, a boar : the island of the boar.
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Innishorc, thorc of boars; Orkney in Scotland

—

Thorc innis is

the equivalent of innis ho re.

The names of almost all the counties of Ireland are purely

Gaelic, e.g. :

Antrim, an druim : the ridge.

Londonderry, doire : a thicket.

Tyrone, tir JSoghain : Owen's land.

Donegal, dun nan grail : the hillock or fort of the strangers.

Fermanagh, fear manach, monk, or fear magh : the grassy plain.

Leitrim, Ilath dhruim : the hoary ridge.

Sligo, sligeach, shelly : slige, a shell.

Roscommon, ros, a promontory.

Mayo, magh, a plain, and o, yew or beautiful.

Galway, gaillimh = Gallthaobh : the border of strangers.

Clare, even, flat.

• Limerick, luimneach.

Kerry, cearraidhe, ciar, dusky.

Core, corcach, moor, marsh.

Tipperary, tobair, tiobraid, or tiprad, well or fountain, and ara,

the well or fountain of the river Ara.

Dublin, dubh, black, and Urine, pool : the Linne of Loch Linne

and Roslin in Scotland, and meaning the black pool.

Kildare, coill, a wood, and dara, oak : the oak forest.

Meath, midhe, the neck.

Monaghan, mineachan.

Waterford : its Gaelic name was ath lairge, ath learga, the ford of

the plain.

Armagh, ard-magh, the high plain or macha.

Down, dun : the hillock.

Cavan, cabhnn; a'hollow plain, a field.

The word cluain, cluan, cluaine is often found among the topo-

graphical names of Scotland : it means lawn or pasture. The word

Clune occurs in Banff, Inverness, Perth, Ayr and Renfrew. Clune

mor and clune beg are in Atholl. C'lunie and Clung appear in Perth-

shire, Fife and Banff. Clung in Invernesshire is the name of the

home and title of the chief of the Clan MacPJierson. The same

word, cluain, occurs with exactly the same meaning in the Topography

of Ireland, e. y.

Cloyne, cluain uamha, the lawn of the cave.
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Clonsost, sosta, abode, the lawn of the abode.

Clonfert, feart, a feat or action, the lawn of the action.

Clonard, the high lawn.

Clonakilty, na coille, the lawn of the wood.

Clontarf, tarbh, a bull, the bull's lawn or pasture.

Clonegal, cluain nan gall, the lawn of the strangers.

Clones, cluain eois.

Clonmel, cluain meal a, the pleasant or honey lawn.

Magh, a plain, (Anglicised moy) enters largely into the Topography

of Scotland, e. g.

Megginch, magh inn is, the plain of the pasture.

Mauchline, magh linn, the plain of the pool.

Machray, reidh, the smooth plain.

Methnen, Jionn, white, the white plain.

Moidart, ard, high, the high plain.

Mochdrum, magh dhruim, the plain of the ridge.

Magh is frequently met also in the topography of Ireland, e. g,

Moville, magh bhile, the plain of the margin.

Magherboy, buidhe, the yellow plain.

Magherros, ros, the plain of the promontory.

Mayo, magh o, the plain of yew trees or the beautiful plain.

Omagh has the same meaning as Mayo.

Moyluing, magh luine = Mauchline, in Ayrshire.

Maylurg, magh an lurg, the plain of the end.

Magberalin, aluinn, excellent, the excellent plain.

A casual examination of the map of Ireland indicates unmistaka-

bly that, in spite of all the alterations that centuries may have

effected in the spelling and pronouncing of topographical names, the

Gaelic origin of them has by no means been obliterated. The cita-

tion of a few additional names will be sufficient:

In Cork, Bantry, ban traighe, the white shore; Ballydehob, da

thaobh, the town of the two sides ; Inchgeelagh = the Gaelic pasture
;

Ballyneen, an fhion, the town of the wine ; Kinsale, ceann saile,

the head or end of the salt water ; Fermoy, fear magh, the grass of

the plain.

In Kerry, Kenmare, ceann mara, the head of the sea; Killarney,

coill fhearnaidh, the alder wood; Dunmore, the large hillock;

Ardfert, the high land; Tarbert, tairbeart, isthmus; Tralee, traighe

hath, the hoary shore.
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In Limerick, Kenry, cenvn righ, king's head.

In Clare, Ennis, pasture, I'tinis ; Kilrush, colli ros, the wood of

the promontory; Killaloe, da lua, the cell or wood of the two heaps;

Dromore, the large ridge ; Ballyveaghan, hhagav, few, the town of

the few ; Killediseirt, the wood of the desert. Galway ;
Kenmarra,

ceann mara, the head of the sea; Gort, garden, standing corn;

Oranmore, odhamnmor, the large cow parsnip- Glenamaddy, the

glen of the dogs.

Mayo, Ballyhannis, sana*, the town of the warning ; Ballina, ath,

the town of the ford ; Killamagh, the wood of the plain.

Sligo, Dromore, the large ridge; Drumkeeran, druim ciar, the

dusky ridge.

Leitrim, Carrick, a rock, carralg.

Tyrone, Strabane, the white strath ; Omagh, the beautiful plain

or the plain of yew trees ; Aughnacloy, the field of the stone.

Donegal, Malin, Maolan, bare, Mull ; Donros, dun rois, the fort

of the promontory; Leek = a stone; Innishowen, Owen's isle.

Londonderry, Limavaddy, the dog's leap ; Kilrea, riabhach, the

grayish wood ; Tobermore, the large well.

Kildare, Clane, cluain ; Athy, ath, a ford ; Bally tore, the town of

the boars.

Tipperary, Ballina, ath, the town of the ford; Roscrea, ros criadh,

promontory of clay ; Cahir, a city.

Antrim, Port Bush, rois ; Carrickfergus, the rock of Fergus
;

Crumlinn, crom, bending, linn, pool ; Lisburn, lias, garden or fort,

burn, water.

Down, Bangor, beann char, the bend of the hills ; Dundurm, the

foot of the ridge ; Ardglass, glas, the grey height.

Meath, Dunleek, dunleac, the foot of the stone; Drogheda, drochaid

ath, the bridge of the ford ; Dunboyne, dun boinne, the fort of the

Boyne.

Wicklow, Donard, dun ard, the lofty hill fort ; Ballymore, the large

town or hamlet ; Bathdrum, rath druim, the foot of the ridge.

Kildare, Naas, an assembly ; Ballytore.

It may without any hesitation be asserted that, when regard

is had to Ireland as a whole, its topographical names are more

commonly and consistently and plainly Gaelic than those of

either England or Scotland. It is impossible to resist the infer-

ence that the same people who gave names to Calais and Dover and



330 A TOPOGRAPHICAL ARGUMENT IN FAVOUR OF THE

to the streams and rivers of England, who gave • names to the

streams, and rivers, and lochs, and mountains, and headlands, and

valleys of Scotland, must have been the same people who gave names

to the streams and rivers, to the lochs and mountains and hillocks,

to the headlands and valleys of Ireland. So far as a topographical

argument can be admitted to be of much avail or consequence—and

it is difficult to understand why, in the determining of questions

that affect the settlement of countries in the far-off past, great

value ought not to be attached to topographical names it must be

conceded that, without considering the presence of a previous race in

the British Isles, there is sufficient evidence that the Gaels pre-

ceded the Cymry, and that in England, Scotland and Ireland the

Gaels have left indelible traces of their presence at a remote time.

There is certainly very imich to justify the conjecture of Nicholas,

who, in his " Pedigree of the English People" (p. 46), thus writes :

" In the absence of historic record, we are justified in presuming

on grounds of antecedent probability that Ireland would receive its

first inhabitants from Wales or Scotland. Wonderful explorers

were those ancient Celts. Probably they soon pushed their way
through thicket and swamp to the Highlands of Scotland, and find-

ing there an end to their territory, they there, from the highest

eminences, looked out westward and descried the misty coast of the

Green Isle. The first tribes to arrive in Britain would probably be

the first settlers in Scotland and Ireland. Pressed toward the

interior by subsequent arrivals, nomadic hordes but slightly attached

to any particular spot, they would readily move forward to new

pasturages rather than long contend for the old. The Gaelic or

Gadhelic people, therefore, may be presumed to have had the advan-

tage of priority of occupation." Aristotle, the first writer who

refers to Britain, says :
" Beyond the pillars of Hercules, the ocean

flows round the earth, and in it are two very large islands called

British {pptxravwu Xsyo;dvai) Albin and Ierne lying beyond the

Keltoi." By the term Albin Ai-istotle must have intended that

portion of the British Isles now embraced by England and Scotland.

The Scottish Gaels still speak of their country as Albin, and of

themselves as Albannaich, thereby showing that, if there is any

force in the reference of Aristotle, they are the representatives of

the earliest inhabitants of Albin, or of England and Scotland.
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The topographical argument in favour of the peopling of the

British Isles by the Gaels may be thus briefly expressed : Calais

and Dover are Gaelic names which must have been given by Gaels

who were in the habit of crossing at those points from the continent

of Europe to the British Isles. Along the eastern coast of England

there are indelible traces in the names of streams, and rivers, and

hillocks of the presence of the Gaels, Owing to the powerful wave

of invasion that successively rolled over England until it was sub-

dued by William the Conqueror, Gaelic names, which doubtless

were given to what is now the site of English towns and cities, were

superseded by names of Roman oi'igin, or by names which the later

invaders chose to give. That such an opinion is correct may readily

be seen by looking carefully at the map of England. That portion

of Scotland which lies south of the Friths of Forth and Clyde was

subjected from the time of the Roman invasions to im-oads from

other nations, and, as a natural consequence, the topographical

names are not so commonly Gaelic as in the Highlands. A close

similarity obtains between the topographical names of England, of

the south of Scotland, and of the Highlands of the latter country
;

whence the inference may be drawn that the Scottish Gaels are now

the representatives of those Celts who were the first to enter Britain,

and to travel northwards from the south of England to the north of

Scotland. From an examination of the Topography of Ireland, the

inference may fairly be drawn that the same Gaelic race must have

peopled that country, and that the Scottish Highlanbers of to-day

can extract satisfactory evidence from the topographical names of

Ireland to convince them, that their own remote ancestors and the

Celts, who were the first to people Ireland, were one and the same

people, and spoke the same language.

The topographical argument which has been now examined, leads

to the conclusion, that the first powerful stream of immigration into

the British Isles was Gaelic ; that it entered the south of England

and extended northwards and westwaixls ; that from Scotland, where

its branches were widely scattered, it passed into Ireland, and left

thei-e numerous and indelible proofs that the same Celts who gave

names to Calais and Dover, gave also names to Innistrahull and

Durrow, to Ballachulish and Aberdour ; and that the same Celts

who gave names to Fintry and Bannockburn in Scotland, gave

names also to Bantry and Kinsale in Ireland.
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ON THE OCCURRENCE IN CANADA
OF

TWO SPECIES OF PARASITIC MITES.

BY J. B. TYRRELL, B.A., P. G.

Sarcoptes minor, var. Cati, Hiring.

A short time since my attention was called to a cat whose face had

apparently been scratched and torn and was now covered by a moist

scab, which was especially noticeable at the base of the nose and

around the eyes ; however, on turning back the hair from the top of

the head and base of the ears the same diseased condition was seen

to prevail, though not to such a marked extent.

On removing the scab, the skin was found to be completely honey-

combed, presenting the appearance of coarse eellular tissue, in the

cells of which, and among the roots of the hair which had been

pulled out with the scab, could be seen a number of exceedingly

small white specks which, when picked up on the point of a needle,

and placed under the microscope, proved to be a small itch-mite

belonging to the species described by Fiirstenberg as Sarcoptes minor

(S. cati, Hering ; S. notoedres, Bourguinon and Delafond). It is

the smallest speeies as yet described, not being more than half as

long as Sarcoptes scabiei, the common itch-mite which infests man.

As this minute parasite has ill many plaees proved very fatal to

our domestic favourites, it will be interesting to notice shortly the

peculiarities of its structure, and then to look for a moment at the

way in which it commits its depredations.

The general shape of the body is almost globular, being slightly

longer than broad, the female being about .12 mm. long and .1 mm.
broad, the male somewhat sniallei-. To the naked eye it appears as

a shining white spot, but under the microscope it has a grayish white

appearance with light brown colored markings, showing the position

of the chitinous skeleton.

The body is, as in S. scabiei, covered with a thin transparent

epidermis raised into minute folds, which follow more or less closely
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the outline of the body, or rather circle round the anus, which, in

this species, is placed almost in the centre of the back. As the

folds approach nearer the anus they become less and less continuous,

becoming first rows of rounded papillae, and then disappearing

almost altogether. Towards the anterior end of the dorsal surface

and near the median line are two short spines, one on each side ;

and a somewhat shorter one is present on each side near the lateral

margin. On each side of the anus there are two curved rows of

short, blunt bristles, forming a kind of double arch over it, and

made up, the outer one of four, the inner one of two bristles on

each side. These point in a general way backwards and inwards

towards the anal opening. Anal bristles on the posterior end of the

body are entirely wanting.

The dorsal position of the anus is very peculiar, and it was this

that suggested the name " notoedres," which Bourguinon and

Delafond applied to this species. It is strange that the peculiarity

should have escaped the notice of earlier observers, as it is very

well-marked. Fiirstenberg, who has given some very fine figures of

this species, cakes no notice of the dorsal opening, but indicates an

opening on the ventral surface where none exists.

At the anterior end of the body is situated the rosti'um, composed

of the following parts : A pair of biting three-jointed mandibles,

the third joint springing from the side of the second and growing

out to an equal length with it, the opposed edges being furnished

with blunt serrations, thus forming strong nippers on each side of

the mouth. Below these are the immovably united maxillae with

their three-jointed palps, which extend forward parallel with the

mandibles. A thin fold of the integument surrounds the whole,

enclosing it in a kind of sac open in front, called by Robin the

camerostomum. Viewed from the dorsal surface a portion only of

the rostrum is seen, as it is partially covered by a fold of the skin

which projects over it.

The body is provided with four pairs of five-jointed legs, two

anterior and two posterior, the anterior arising from the antero-

lateral margins of the body, the posterior from the hinder portion of

the ventral surface. The first four joints of these legs are surrounded

and strengthened by rings of chitin of a more or less irregular

shape, and are armed along their sides with bristles whose positions

are constant in the same species. The fifth joint is covered with a
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cone-shaped cap of chitin supporting the terminal processes. The

two anterior legs on each side bear at the extremity of this latter

joint four curved hook-like claws, and a relatively large bell-shaped

sucker on a stem which, though long, is much shorter than in S.

scabiei. In the female the posterior legs are terminated by long

flexible bristles in place of suckers. In the male the third leg only

ends in a bristle, the fourth bearing a long-handled sucker very much
like that on the first and second legs. The legs articulate with and

are supported by the epimera, which are light brown chitinous bands

present in the walls of the body and extending in a general way along

the ventral surface from the points of insertion of the legs towards

the median line. Those of the front pair of legs run backwards and

inwards, and, a short distance behind the rostrum, unite to form an

elongated Y-shaped figure. The arms of the Y, however, are

bifurcated, the anterior branch running forward to support the

palps, the posterior articulating with the first leg. The second

epimere also runs backwai-ds and inwards for a considerable

distance, but befoi-e reaching the median line it takes a sharp

turn outwards and terminates abruptly. The third and fourth

epimera in the female are short and slender, running forwards

and inwards, and bending towards each other at their anterior

ends. In the male the arrangement is more complicated ; the

third and fourth epimera run forwards and inwards joining the

anterior portion of the sternite, a median chitinous band which runs

backwaids along the posterior portion of the ventral surface, thus

enclosing the male sexual organs under a sort of double arch, the

keystones of which are prolonged until they meet each other.

The external sexual organs in the male are situated between the

points of insertion of the fourth pair of legs, and are composed

essentially of the three following parts : ( 1
) the sternite, composed of

a chitinous band on each side of the sexual opening, which runs

forward and joins the one from the opposite side in front of the

opening and becomes continuous with the median chitinous strip

mentioned above
; (2) a lid or hyposternum, made up of two arched

bands and a connecting membrane, thus forming a triangular cover

hinged to the sternite at its postero-lateral angles, and with the

point directed forwards; and (3) a penis, which, when prone, is

directed forwards under the episternum and may be seen through
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it, but in copulation it is turned backwards, when, of course, the

episternum is also turned back beneath it.

The external sexual organ of the adult female is simply a narrow

slit running across the under surface of the body, about half way
between the insertions of the second and third pairs of legs. It is

rather an interesting fact, however, that the male does not copulate

with the fully developed female, but with the female in what has

been called the nymph stage, when the ventral opening into the

oviduct has not yet appeared ; another ecdysis being necessary

before the adult form is assumed. I have not had the opportunity

of observing the mode of copulation, but there would appear to be

no doubt that the anus serves for the opening both of the intestine

and the vagina. Ftirstenberg, in his' comprehensive treatise on
" Die Kratzmilben," does not mention the opening in the middle of

the ventral surface, but in Sarcoptes scabiei figured the oviduct as

opening into a cloaea along with the intestine, evidently not

recognizing the fact that the oviduct and vagina opened at different

parts of the body. He also states that he saw a male and female in

copulation, and that the penis was inserted into the anal opening.

In the closely allied family of the " Dermaleichidae " also, the

arrangement of the female sexual organs is essentially as follows :

—

There is a post-anal opening leading by a duct into the Receptaculum

seminis, which opens into the oviduct, at one end of which the

ovaries are placed, and the oviduct opens on the middle of the

ventral surface. It appears very probable that an arrangement of

the parts similar to the above exists in the genus Sarcoptes.

With the exception of the absence of a ventral sexual opening,

and the slightly more posterior position of the anus, the nymph is

very similar to the adult female.

The larva is somewhat smaller than the nymph, and is only

provided with six legs, the hinder pair of which end in long bristles

as in the adult females.

The egg is small, oval or somewhat ovate, and about half the

length of the adult female.

We have adopted Fiirstenberg's name minor for this species

instead of cati, which had previously been given to it by Hering, as

the first is characteristic of the species itself (it being very small),

and not merely of its habitat, for though it was first found on the

oat, it has since been found on the rabbit and other animals. On
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the rat, for instance, M. Megnin has found a species of Sarcoptes

which differs considerably from the one on the cat, but which he has

shown to be only a variety of the same species, therefore we retain

Hering's name cati for the variety from the cat, and adopt the name

muris for that from the rat.

This little parasite first attacks the cat at the base of the nose,

around the eyes, and at the base of the ears, where it forms small

white pustules in which the mite may be found. From these points

it spreads over the whole head, then it is stated to work backwards

over the neck, and finally over the whole body, reducing the poor

animal to the last stages of leanness and decrepitude. M. Megnin,

however, states that the mite does not attack any other parts of the

body, except the head and neck. As I have not had any opportunity

of observing cats which have been a long time diseased, it is impossi-

ble for me to say at present which of these statements is correct.

It has been asserted by some authors, who have no doubt drawn

their conclusions from analogy to Sarcoptes scabiei rather than from

direct observation, that this mite bores long and tortuous passages

through the skin among the roots of the hair, but an examination of

the diseased parts shows, not a number of winding passages filled

with eggs and fceces, but a gi-eat number of round, cell-like cavities,

in which the adult female is lying surrounded by several eggs and a

quantity of foecal matter, showing clearly that the mite has been in

this nest for a considerable time. The male and young are not

found imbedded in the tissue, but scattered through and under the

scab and on the surface, when the copulation evidently takes place.

After impregnation the nymph then bores into the tissue, takes on

the form of the adult female, and lays her eggs in the nest which she

hollows out for herself. In parts of the animal which have been

long affected, these nests are packed together so closely as to be

almost in contact.

It only remains for us to mention some of the remedies which

have been recommended for the cure of this disease, always, however,

bearing in mind the fact, that on account of the excessive sensitive-

ness of the skin of the cat, many of the washes and lotions, which

would be exceedingly useful when applied to other animals, would

in this case probably prove hurtful or even fatal.

Sulphur is the most generally useful insecticide, and where the

mite can be reached by it, there is no doubt but that it will effect a
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cure. Sulphur ointment applied repeatedly to the diseased parts is

said to effectually destroy the pest. A solution of Balsam of Peru

in alcohol, applied carefully, has also been highly recommended.

PSOREKGATES SIMPLEX, N. G. & SP.

While engaged in the study of Sarcoptes minor, a mouse was

brought to me which had a crusty scab on the lower part of the

back of the ear, extending round its outer edge and into the interior

of the conch, where it assumed the appearance of a tough, leathery

skin of a dirty grey colour. When a piece of this scab was pulled

off with the forceps and placed under the microscope, a number of

small mites were seen crawling over and burrowing their way into

it. At first sight they appeared to me very much like small, short

specimens of Myobia musculi, but a more careful study showed them

to be separated by many marked characteristics from this latter

species. It was seen, too, that they were all males, and that a fur-

ther search must be made for the females and young. I therefore

placed the scab in glycerine and tore it to pieces with needles, and

in this way brought to view a number of round, white specks, which

proved to be the females, nymphs and larvae, resembling the male in

very little else but the structure of the rostrum and the even distri-

bution of the feet along the sides of the body.

This is in all probability the species mentioned by Gerlach, in a

book entitled " Kriltze and RSude," published in 1857, as occurring

on the ear of the common mouse, though on this point I am unable to

speak positively, as I have had no opportunity of seeing the original

description and figures. As M. Meguin, however, in his invaluable

work on " Les Parasites et les Maladies Parasitaires," says that it is

impossible to determine from the original figure even to what family

this mite belongs ; and as neither Megnin, in the book just cited,

nor Gerstilcker, in his review of Gerlach's work in " Archivs fur

Naturg eschichte," make any mention of a name having been given

to it, and as Fiirstenberg in his extended synopsis of Krdtze and

Rdude does not even notice the fact that an itch-mite had been

recorded from the mouse, it seems advisable to publish a new
description of it and give it a name. If it appears afterwards that

it has already received a name, the one now used will of course be

abandoned and the previous one adopted in its stead.
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In colour the body, over the greater part of its surface, is of a

dirty white, though the epimera and the chitinous bands which en-

circle and support the legs are tinged with light yellowish-brown. In

shape the two sexes differ very much. Looking at the dorsal surface

the general outline of the male is ovate with the obtuse pole directed

forwards and rather strongly truncated, and from the middle of

this anterior end projects the conspicuous and almost quadrangular

rostrum, close to which on each side the anterior extremities take

their origin and point when at rest obliquely forwards and outwards.

The lateral margin of the body is marked by three constrictions

dividing it into four sub-equal segments, each of which bears a pair

of legs, hence the legs are arranged at almost equal distances from

each other along the sides of the body. This character creates a

marked distinction between this species and those of the genus

Sarcoptes, in which the legs, instead of being situated at equal

distances from each other, are arranged towards the anterior and

posterior ends of the body, a considerable distance separating the

insertions of the second and third pairs. On the other hand it

appears to point to a general relationship with the genus Myobia,

which further examination only serves to strengthen, though the

form of the female and the general course of development remove it

very far from this genus. The surface of the back is considerably

arched, rounding off along the sides into the belly which is flattened

towards the anterior end, but deeply hollowed out from the level of

the insertion of the second pair of legs backwards, evidently for the

purpose of receiving the female during copulation. In the female

the general shape is very different from that of the male. The body

is almost globular, being rounded on both the ventral and dorsal

surfaces ; the rostrum projects but very slightly beyond the anterior

end, and the legs are represented merely by little knobs situated

along the sides of the body. The male averages about .12 mm. in

length and .1 mm. in breadth. The female is not quite as large,

both length and breadth being about .1 mm.

The body is covered with a thin, soft skin, which is smooth or

irregularly dotted over the greater part of the ventral and dorsal

surfaces, but along the sides in the male a few fine wrinkles can be

made out, following in their course the general outline of the body.

Imbedded in the skin are the epimera and the chitinous supports to

the legs, which will be described below. The skin is thus very like
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that of Sarcoptes scabiei. except that the wrinkles are much fewer

and finer. At the anterior end of the body the organs of manducation

are grouped together into the form of a sub-quadrate rostrum, which

projects considerably beyond the front of the cephalo-thorax, though

it is, to a certain extent, retractile under it. The rostrum, seen from

the dorsal surface, is somewhat rectangular in outline, the outer

angles being slightly rounded off and the line of the front curved

outwards to a certain extent. Its length is considerably greater

than its breadth, being on an average about 0.025 mm. broad and

0.015 mm. long. It is composed essentially of the following parts,*

viz. : (1) A long delicate lingua, or tongue, which, however, is very

difficult to discern clearly until the animal has been submitted to

strong pressure, when it sometimes may be seen as a stout bristle

projecting beyond the anterior margin. (2) A pair of long, acutely

conical unjointed mandibles running parallel and close together during

the greater part of their length, and apparently forming a sheath for

the median tongue. ( 3) A pair of maxillae firmly united at their base,

but bearing at their outer and anterior angles a pair of two jointed

palps, one on each side of the mandible, the first joint being large

and sub-rectangular, the second small and conical. Towards the

side from the insertion of the palp, the angle of the maxilla is

extended into a short spine. With the exception of the characters

which we have just enumerated, namely, those of the skin and of

the rostrum, and perhaps also those of fie digestive canal, which

however we have not been able to make out, the male and female

present an entirely different appearance, and it will be most con-

venient to consider them separately.

In the male, which as stated above is flattened from above down-

wards, the legs arise on the ventral surface a short distance in from

the lateral mai'gin, so that the first and part of the second joints are

hidden from view when looked at from above. The number of

joints pi-esent in each of the legs is four, the second probably corres-

ponding to the second and third in Myobia musculi, and other closely

allied species. They are all strengthened by very light brown rings

of chit-in which encircle them and form points of attachment for the

flexor muscles. The first joint in all the eight legs is somewhat

triangular in outline, the base of the triangle, which is the side

nearest the middle line of the body, being somewhat incurved, with

the angles adjacent to it slightly rounded, the anterior angle running

24
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forwards for a considerable distance to articulate with the epiinera.

The second joint is large, with a long and strongly curved outer and

a short inner margin. On the outer side, but rather towards the

dorsal surface of this joint, three small tubercles are present, bearing

at their ends as many short bristly hairs. These are most strongly

developed on the first and fourth legs, not being so conspicuous on

the second and third. The third joint is smaller and more nearly

round, though somewhat longer on its inner than on its outer border.

On tins latter border there is a short tubercle and spine present on

the first leg, and a pair of blunt spineless tubercles on the fourth.

Articulating with the distal end of the third joint is the fourth joint

or tarsus, which at its proximal end is comparatively narrow, but

after a short distance it suddenly increases to about double its

original breadth, forming on the inner side of the first leg a back-

wardly projecting spine, which, however, is not present in the other

extremities. After thus enlarging the tarsus does not again contract,

but continues of about the same size to the end of the joint, when it

is sharply truncated, the end being straight or even slightly incurved.

In this emargination, but rather towards the dorsal surface of the

joint, a short blunt spine takes its origin. On the same joint,

but on the extreme outer angle, there is also present a rather

strong, slightly curved claw, of about the same length as the spine

and with it giving to the leg the appearance of being terminated by

two claws. Besides the spine and claw the tarsus is armed with

two bristles, one on the inner and one on the outer side.

Situated immediately under the thin transparent epidermis, and

imbedded in the tissues of the body, the epimers&, which are com-

posed of strips of light-brown coloured chitin, extend from the

anterior angle of the base of the legs towards the middle line of the

body, and form with the small pieces of chitin behind the rostrum

the framework or skeleton of the trunk. Their principal functions are

to serve as supports for the legs and to form points of attachment for

the muscles which move them. Those of the anterior pair of legs

arise on each side of the rostrum and close to it, and run backwards

and inwards for about one-fourth the length of the body, not meeting

to form a point, however, as in Sarcoptes minor, but turning sharply

outwards and ending abruptly. Those of the second, third and

fourth legs are also each of them present as detached bands. The
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anus is present as a longitudinal slit on the posterior end of the

body.

The sexual aparatus is situated between the insertions of the

fourth pair of extremities, and is composed of two bands of chitin

running backwards along the ventral surface, each having the appear-

ance of two segments of circles placed end to end, one behind the

other, the posterior including more of the circumference of the circle

than the anterior. Between these two longitudinal bands the penis

is present as an elongated cone, directed towards the posterior end of

the body. Epidermal appendages are very poorly represented, the

only ones of any importance being two long bristles which arise one

on each side from the posterior end of the sexual chitinous bands?

and extend a considerable distance beyond the hinder end of the

body. Besides these there are the small bristles or hairs on the legs

which have been already mentioned.

The structure of the female is exceedingly simple, having the

appearance externally of a minute white ball, with the sub-rec-

tangular rostrum projecting from its anterior surface. The feet,

which occupy the same positions as in the male, are, however, very

much smaller and quite useless for walking on a level surface, though

probably veiy effective in boring through the soft tissues of the ear

of their host. They are composed of but two short joints, the first

of which is almost imnfovable, and is united by a triangular chitinous

base of attachment to the skin of the body ; the second is of a

rounded triangular shape, and is movably articulated to the first.

Epimera are present, but are very small, their place being taken

functionally by the chitinous base uf the legs. The surface of the

body is smooth, no bristles or spines of any kind being present either

at the posterior end or on the diminutive legs. The anus is at the

hinder end of the body. The opening from the oviduct is in the

form of a simple transverse slit on the ventral surface, a short dis-

tance behind the base of the rostrum.

The course of development of this aberrant form of itch-mite is

very peculiar, for though in its adult condition it bears considerable

resemblance to Dermatoryctes fossor, so carefully described by Prof

Ehlers in Zeit. f. w. Zool. Bd. XIX., yet it differs essentially from

this latter, in the fact that the larva closely resemble in general form

the adult female rather than the adult male, thus leading one to

suppose that the male was a farther development of a mite like the
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female, and not that the female was degraded by more complete

parasitism from a mite possessed of the higher type of structure

presented by the male ; thus the nymph or unimpregnated female is

very much like the adult female, except that it is slightly smaller,

and there is no ventral opening to the oviduct, and the larva also is

very like the female, except that the fourth pair of legs have not yet

appeared. The egg is more or less irregularly, oval in shape, and

somewhat more than half as long as the adult female.

It will be seen from the above description that the mite found on

the ear of the mouse differs considerably from any forms already

described, resembling Dermatoryetes fossor (Ehlers) in the simple

character of the female, but resembling much more nearly Myobia

musculi in the structure of the rostrum and the general form of the

male. It also differs from D. fossor in being oviparous and not

viviparous.

Considering all the circumstances, it has appeared to me advisable

to create for its reception a new genus, with the following characters

:

PSORERGATES, 71. g.

Wiopa, a scab ; ipyarTjs, a builder.

General shape of the male and female quite different, the male

being provided with legs which are terminated by a spine and

claw, in the female the legs are very small and without terminal

appendage, Mandibles styliform. The nymph and larva resemble

the female rather than the male, Oviparous.

PSORERGATES SIMPLEX, 71. Sp.

Characters enumerated above.

Its habits were mentioned in the first part of this paper, namely,

that it has been found living under a soft scab for the most part

inside the conch of the ear of a mouse (Mus musculus) ; but atten-

tion must be drawn to the circumstance that the male, though very

active, and often found on the surface of the scab, must also bore

into and under it in order to copulate with the nymph, which, from

the shortness of its legs, would be unable to move outside the tissues

of its host. In this particular it differs essentially from Sarcoptes

minor, in which it will be remembered the nymph is active and

moves about on the surface ; and it is only after copulation that it

bores into the tissue and assumes the adult form.



DESCRIPTION OF PLATES.

PLATE III.

Sarcoptes minor, var. Oati.

1.—Adult female, ventral surface x 250.

2.—Male, ventral surface x 250.

3.—Nymph or immature female, dorsal surface (it very closely resembles the

adult female, except that in this latter the anus is nearer the centre

of the back), x 250.

4.—Six-legged larva, dorsal surface x 325. (After Fiirstenberg. The anus
has, however, been drawn on the dorsal instead of on the ventral

surface).

5.—Rostrum of S. minor, var. muris, x 600. (After Megnin).

PLATE IV.

PSORERGATES SIMPLEX.

1.—Male, dorsal surface.

2.—Male, ventral surface.

3.—Adult female, ventral surface.

4.—Nymph, or immature female, ventral surface.

5.—Larva, ventral surface.

6.—Rostrum, showing palps, mandibles and tongue.

7.-Egg.
All the figures magnified 435 times.
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SOME OF THE PRESENT ASPECTS
OF THE

GBEM-THEOEY OF DISEASE,

[The following is a summary of a popular Lecture given by Prof. Wright under
the auspices of the Canadian Institute on the Germ-Theory of Disease. The
Lecture was intended mainly to elucidate the subject from a biological point of

view, and reviewed the interesting facts which have been contributed to the

Natural History of the lowest Fungi by researches into the relationship of micro-

scopic organisms to Disease. The present synopsis may be of interest to the

members of the Institute.]

During the last ten years a host of investigators have been busy

in different parts of the world in attempting to discover the causes

of certain forms of disease, and their labours have been so far

attended with success that in almost all forms of contagious and

infectious diseases, and in certain others which have not been

included in that category, minute organisms of a special form have

been found constantly associated with the particular diseases. The

thought, of course, lay upon the surface that these organisms are not

only the originators of the disease, but are simultaneously the means

of spreading it. Such, indeed, has turned out to be the case. It is

indisputably proved by means of laborious experiments that in some

diseases the minute organisms are entirely responsible for all the

course of the disease ; and it is reasonable to conclude that when the

same methods have been applied to the study of other diseases, a

connection of the same nature will be demonstrated.

The first discovery affording a substantial basis for a Germ-Theory

of disease was made more than twenty years ago by Casimir Davaine

(who died in Paris towards the close of last year). He found in

the blood of animals affected with Anthrax i a rod-like organism

(now known as Bacillus anthracls), in immense quantities, which,

accustomed as he was to the investigation of diseases caused by

1 This disease, also known as Charbon, which has produced immense ravages especially

among sheep and cattle in Europe is fortunately very little known in Canada. Isolated cases,

however, have been recorded both from Ontario and Quebec, chiefly horses having succnmbed

to it.
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internal parasites, he had no hesitation in accusing as the cause of

the disease.

The actual proof of this, by separating the organism, cultivating

it free from anything to which the disease might be ascribed, and

subsequently producing the disease in a healthy animal by innocula-

tion of such pure cultures, was delayed for many years. Neverthe-

less, Davaine's was an epoeh-making discovery, and the insight which

has been gained into the relationships between microscopic organisms

and disease is very largely owing the classical researches of Pasteur,

Koch and others on Anthrax. To these and similar researches

biology is much indebted for additions to the knowledge of the group

of Fungi to which these disease-producing organisms belong, and

enquiries into the natural history of the group as a whole have been

thereby stimulated, which have led to many interesting results.

The present paper is intended to indicate a few of the most import-

ant of these.

Although the function of the green-colouring matter of plants

cannot yet be regarded as definitely established, 1 coloured forms are

nevertheless known to be able to draw their carbon from the

carbonic acid of the medium in which they live, while colourless

forms depend on living or dead organic matter for their food, and

are thus either parasites or saprophytes. Most of the colourless

plants belong to the lowest vegetable sub-kingdom (the Thallophytes),

and constitute the class Fungi of that subdivision. Coloured and

colourless Thallophytes exhibit various grades of organization, but

with the exception of the Mould-Fungi all of the organisms which

produce disease belong to the lowest grade, which reproduce them-

selves mainly by division or fission, and have on this account

received the ordinal name of Schizophytes.

Among the Mould-Fungi both parasitic and saprophytic forms are

to be found. Many diseases of plants are attributable to the

former, and not a few of those incident to the surface of the body in

animals. Under ordinary circumstances the interior of the body is

not favourable to the development of moulds : not only is the

temperature too high, but the alkaline reaction of the fluids and the

scarcity of oxygen are both factors which hinder their growth. It

is otherwise with the colourless Schizophytes ; the conditions which

1 Recent researches appear to indicate that Chlorophyll protects the first products of

assimilation against the decomposing action of light.
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interfere with the development of the moulds are favourable to them,

; n I it is consequently with this group that we have alone to concern

ourselves in connection with the Germ-Theory of Disease. The
colourless Schizophytes or Schizomycetes, as they are also termed,

present many difficulties to the investigator on account of their

extremely small size.
1

Various generic forms have been distinguished, such as Micro-

coccus, embracing the minutest globular or oval forms often in

chains ; Bacterium, short, rod-like forms ; Bacillus, longer rods

;

Leptothrix, long jointed threads; and in addition various spiral

forms, Spirillum, Spirochate. The constancy of these forms has

been defended by some authorities ami denied by others, but the

recent researches of Zopf on Claclothrix and Beggiatoa indicate that

all of these so-called genera may be merely different stages of

development of higher members of the same group of Fungi. Thus
the thread-like Cladothrix and Beggiatoa, two of the commonest
aquatic fungi of cosmopolitan occurrence, give rise in the interior of

the threads to Micrococcus or Bacterium-like spores which may
grow out into Bacillus- and Leptothrix-like forms, or may first

multiply themselves rapidly in a motionless or zoogloea condition.

Again in both the adult threads may undergo a retrogressive

development, becoming divided up into shorter or longer pieces

(Bacillus- or Leptothrix-like), which again may fall into still shorter

rods. Spiral forms are also described as belonging to the genetic

cycle of Cladothrix and Beggiatoa. These are formed by the break-

ing up of a thread which had become spiral in virtue of one-sided

growth, and the resulting fragments are Spirillum-like or Spirochate-

like, according to the closeness of the spiral and thickness of the

portion of the thread to which the fragment belonged. Whatever
their length and shape the fragments foi'med in the course of this

retrogressive development attain cilia on becoming free. It is simi-

larly asserted that all of the Micrococcus, Bacterium, and Bacillus-

like forms found in the mouth belong to the genetic cycle of

Leptothrix buccalis.

A similar inconstancy of physiological peculiarities has also been

asserted by recent observers, so that the view that disease-producing

l They are usually measured for convenience sake by micro-millimetres, one of these units

being the j-j
1^ mm. =

^-j-J-j-^ inch, and represented by the sign ix..
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Schizophytes are merely varieties of harmless forms which have

acquired special virulence is defended by many authoi'ities. Dr. H.

Buchner, of Munich, has described the conversion by artificial cul-

ture of the ordinary Bacillus of Hay-Infusion into the virulent

Bacillus of Anthrax and vice versa. Although many careful ob-

servers hesitate to recognize the value of his experiments, there can

be no doubt that the virulence of the Bacillus of Anthrax may be

" attenuated" by cultivation under certain conditions. Such attenu-

ated virus has been employed by Pasteur for the protective innocu-

lation of sheep and cattle against Anthrax. Although the residts

obtained have not been so satisfactory as could be desired, yet the

establishment of the principle is a great step in advance in the

fighting of the infectious diseases.

The physiological inconstancy of the Schizophytes is likely to

prove as great a stumbling block in the way of their classification as

their inconstancy of form. It has been proposed, however, to

arrange them in three groups : colour-producing (Chromogenic),

fermentation-producing (Zymogenic), and disease-producing (Patho-

genic) forms.

To the Chromogenic forms belong the Micrococcus prodigiosus,

which forms a red incrustation on bread, besides other Micrococci

which produce the characteristic colours of " blue milk," " blue pus,"

" red sweat," &c. Higher members of the Schizophyte group may

also be Chromogenic.

A very large number of forms are recognized as Zymogenic. The

yeast plant (Saccharomyces) and its allies, although reproducing by

budding and not by division, have nevertheless many points in

common with the true Schizophytes, and are conveniently considered

along with them. Several species of Saccharomyces are known

capable of producing the alcoholic fermentation, but the amount of

sugar destroyed and alcohol produced appear to be different for the

different species. One form, S. mycoderma, is so avid of oxygen that

if it should be formed in wine, the alcohol undergoes slow combus-

tion, and eventually little but water is left behind. To the

Zymogenic group, however, belong many true Schizophytes ;
such

are the ferments of the acetic, lactic, butyric and viscous fermenta-

tions, as well as many others to which chemists and biologists are

only now turning their attention. So putrefaction is now generally

recognized to be a form of fermentation, complex on account of the
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complexity of the fermentable bodies on the one hand, and the

complexity of the products of fermentation on the other. The
common ferment organism of putrefaction is the Bacterium termo,

with which others are unquestionably associated.

As already indicated, many authorities regard the pathogenic

Schizophytes as constant species with constant physiological pecu-

liarities. Naegeli has most ably defended the opposite view, in.

accordance with which they are at most physiological varieties, and

points to the occurrence of new contagious diseases, and the sporadic

appearance of already known diseases, as confirmatory of his theory.

Almost all the generic forms of Schizophytes have been recognized

in connection with one or other of the diseases of which they are now
generally believed to be the cause. Thus Micrococci have been

found in small-pox, diptheria, erysipelas, and some forms of blood-

poisoning
; Bacteria in septicaemia of the pigeon ; Bacilli in

anthrax, various forms of septicaemia, malaria, tuberculosis and

leprosy, and Spirochaete in relapsing fever. The list of diseases is

in fact being daily increased (especially by investigation into vai'ious

diseases of the domestic animals) with whieh specific pathogenic

Schizophytes (or Microbes, as the French investigators term them),

are found to be constantly associated.

Since the establishment of the Germ-Theory of Disease on the

sound basis on which it now stands, increased interest has been

evinced in the microscopic examination of air and water, the chief

media from which the disease germs invade the body. With regard

to the latter microscopic examination cannot yet be regarded as

affording proof of the harmlessness or the reverse of water for

drinking purposes, although the examination of suspected water has

revealed in certain cases (Typhus-Brautlecht) micro-organisms to

which disease has been attributed. Chemical examination which

speedily reveals contamination by sewage, and therefore a possible

source of infection, is as yet to be more depended upon. No doubt

the researches on the Schizophytes which are now being carried on

may tend to render the microscopic analysis of water of greater

importance than it is at present. Michel and Hansen's observations

with regard to the occurrence of micro-organisms in the atmosphere

are of the highest interest. By far the greater number of the spores

found floating in the atmosphere belong to moulds, and are therefore

quite harmless to man. The same is probably true of the great
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majority of the spores of Schizophytes which are also found. Michel

has calculated that in the neighbourhood of the observatory at

Montsouris a man may inspire in 24 hours 300,000 mould spores

and 2,500 Schizophytes. Probably not ^th of these are possessed

of any life or capacity for further development, but Michel has

nevertheless discovered that the curve representing the occurrence

of Schizophytes in the atmosphere, and the curve representing the

prevalence of infectious diseases, are coincident. He has shown the

necessity for ventilation by pointing out the great increase of

microbes in the atmosphere of the Parisian hospitals during winter,

when doors and windows are kept close for warmth's sake. He nas

also shown that microbes are not more abundant in the neighbourhood

of open sewers than in the air generally, a fact which is confirmed by

investigations of Hansen and Xaegeli. The latter demonstrates that

all micro-organisms must be previously dried before being carried

into the atmosphere. They exist there generally in the spore-

condition, a condition which usually steps in when changes unfav-

ourable to the ordinary method of propagation by division have eome

into operation. The spores, which are produced in the interior of

the cells of the Schizophytes, are possessed of much greater vitality

than the mother-plants, being able to resist extremes of temperature,

and deprivation of moisture and food immeasurably better than

these. The discovery of such spores and their properties has given

a death-blow to the doctrine of spontaneous generation, for it is now

satisfactorily determined that any organic infusion may be kept per-

fectly free from micro-organisms in a sealed flask, if the proper

precautions have been taken not only to kill the mature Schizophyte

in it, but also their spores.

It is not surprising in view of these facts that the strength of the

disinfectants used to kill septic material must be very different

according as the material is in a vegetating or spore-condition. In

the latter case no volatile antiseptics, except chlorine and bromine,

have been found to possess any efficacy, and it has been shown

that the antiseptic virtues of carbolic, salicylie, &c, have been

greatly overestimated. As a result of various experiments made to

determine the best means of disinfecting clothes (rags impregnated

with spores of Bacillus anthracis being chiefly employed), prolonged

boiling—for several hours—has been recognized as the simplest effi-

cacious method. The experiments have shown that the process of
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disinfection of rooms, clothes, &c, during and after contagious disease

ought to be under the control of a health officer, in order that this,

the most important method of combating the spread of contagious

diseases, should be efficiently and systematically carried out.

The introduction of an abundant supply of pure water, and the

construction of proper drainage systems, are now aimed at by most

large cities : in many the compulsory use of these by all the inhabi-

tants remains to be carried out. So much knowledge has been

acquired as to the origin of disease in course of the researches

alluded to in the previous pages, that it becomes the obvious duty of

educators to extend and provide for the increase of that knowledge.

This can be most efficiently done by giving every medical student an

opportunity of becoming practically acquainted with the methods of

research which have been adopted in the enquiries refei'red to. It

is obvious that medical men in practice will rarely combine leisure,

inclination and capacity for such studies ; but, on the other hand,

much hard work has been expended with little or no result, simply

from a want of rigid early training. Such is particularly necessary

in the study of these lowest organisms, where errors of observation

and experiment are avoided with the greatest difficulty.
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CANADIAN INSTITUTE.

ANNUAL REPORT—SESSION 1882-83.

The Council of the Canadian Institute in presenting their Thirty-Fourth

Annual Report, are pleased to be able to congratulate the members upon the

termination of another successful year.

They are particularly gratified with the character of the communications

which have been read at the meetings, and point with pleasure to the fact

that some of the more important of them are the work of quite young men,

from whom many additional valuable original investigations may be expected

in the future. Another promising feature of the history of the Session that

has just closed is the great increase in the number of members, which has

risen from 139 to 225. The Council also have pleasure in reporting an

increase in the average attendance at the Saturday evening meetings.

During the month of September a course of popular lectures on Sound was
delivered in the Library Hall, under the auspices of the Institute, by Professor

Loudon, of University College in this city, and Dr. Kcenig, of Paris. Another
course, consisting of four lectures, including one by each of the following

members, namely, President Wilson, Dr. Reeve, Professor Wright, and Mr.
Lauder, was delivered in January and February, under the management of a

Committee of the Council. The Council recall with pleasure the share they

had in furnishing the public with an opportunity of hearing these exceedingly

instructive and valuable lectures.

Early in the Session the Council deemed it advisable to adopt a resolution,

providing that the Library and Reading Room should be kept open seven

hours on Saturdays and five hours on other week days. This led to the

resignation of the Assistant Secretary, Mr. Thomas Heys, to whose long and
valuable services the Council gladly seize this opportunity of bearing testimony.

He has been replaced by Mr. R. W. Young.

Though a considerable sum of money has been spent in furnishing the

Library Hall with gas fixtures and seats, and in increasing the number of the

periodicals taken for the Reading Room, the Council are gratified to find that

the report of the Treasurer shows that the financial position of the Institute

has not been weakened.

A large amount of work has been done during the year by members of bhe

Council, and under their direction, with the view of putting in order and
cataloguing the library, and preparing for binding the very considerable col-

lection of transactions of scientific societies and other publications of value

which we have in our possession. The binding has not actually been done, as
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it was thought best, before proceeding with it, to make exertions to complete

imperfect sets and replace missing numbers, but the Council recommend the

matter to the early attention of their successors. They also suggest the

desirability of taking further steps, as soon as practicable, to put our scientific

collections in complete order.

Appended to this report are abstracts showing : ( 1 ) The present condition

of the membership
; (2) the papers communicated at the meetings during the

year ; (3) the additions to the library and the donations during the same

period
; (4) the Treasurer's balance sheet

; (5) the Lecture Committee's

balance sheet.

All of which is respectfully submitted.

J. M. BUCHAN, President.

MEMBERSHIP.
Members at commencement of Session, 1882-83 139

Members elected during the Session 117

256

Withdrawals and deaths 31

Total Membership, March, 1883 225

Composed of :

Corresponding Member 1

Honorary Member 1

Life Members 17

Ordinary Members 206

225

LECTURE COMMITTEE.

By Season and Single Tickets $129 25

To Honorarium to Lecturers, Advertising, &c. 122 50

16 75

SUMMARY OP FINANCIAL STATEMENT POR THE
YEAR 1882-83.

• I herewith submit my financial summary of accounts for the year of

1882-83.

The Annual Subscriptions are more than usual by reason of increased mem-
bership. Two Government Grants have occurred and been received during

the financial year, and rent receipts have been more than usual. The intere st

payment has been reduced, while the only items of increased expenditure

worthy of notice are those of fuel, furniture and gas fixtures, the last two of
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which are not likely to occur again. The Institute may well be congratulated

upon its healthy condition, and its substantial balance now in the Bank and

at its credit.

To Annual Subscriptions $509 00
" Subscriptions to Building Fund 21 00
" Government Grants 1,500 00
" Kent from Warehouse
" Rent from Toronto Medical Society

" Bent from Elocution Society

" Rent from Catholic Literary and Debating Society

" Rent from Natural History Society

" Rent from J. Buchan for use of Hall ,

" Journals sold during the year , ,

By Due to Treasurer from last Audit $133 75
" Interest , 238 78
" Salary 335 33

•'Fuel 117 90
' Gas fixtures 146 34
" Furniture , 115 00
" Printing 80 70
" Advertising ,....., 75 00
" Periodicals 69 75

"Painting 3160
" Postage 48 87
" Carpenter work 27 57

" Gas supply 24 34
" Water supply 18 00
'

' Express charges 1195
"Taxes. 9 51

" Contingencies 25 07

" Balance in Bank 689 04

$2,198 50

JOHN NOTMAN, Treasurer.

Examined, compared with Vouchers, and found correct.

E. A. MEREDITH, ) AudUor,
J. GALBRAITH, )

28th April, 1883.
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LECTURES AND PAPERS.
On Sound: By Dr. Kcenig, Paris, France, and Prof. Loudon, University

College, Toronto.

1.—Mechanism of the Ear : Noises, Notes and Tones. (Sept. 15th, 1882.)

2.—Qualities of Sounds : Pitch, Intensity and Timbre. (Sept. 18th, 1882.

)

3.—Methods of Studying Vibrations : Determination of Pitch. (Sept.

20th, 1882.)

4.—Determination of Intervals : Scales, Propagation of Sound, Communi-
cation of Vibrations, Composition of Vibrations. (Sept 22nd, 1882.)

5.—Phcenomena produced by the Co-existence of Two Sounds :

Interference, Beats, Sounds of Beats. (Sept. 25th, 1882.)

6.—Timbre of Sound : Analysis and Synthesis. (Sept. 27th, 1882.)

Reindeer and Mammoth Age of Southern Europe. (Dr. Daniel Wilson,

President of the University of Toronto, January 19th, 1883.)

The Hygiene of the Eye. (Dr. Reeve, January 19th, 1883.)

The Germ-Theory of Disease. (Prof. Ramsay Wright, University College,

Toronto, January 26th, 1883.)

Richard Wagner and the Music of the Future. (Prof. W. Waugh Lauder,

February 2nd, 1883.)

Science and Progress. (The President's Inaugural Address, November 4th,

1882.)

Some Laws of Phonetic Change in the Khitan Languages. (Prof. Campbell,

of Montreal ; read for him by Prof. Loudon, November llth, 1882.)

The Presence of Tellurium, in connection with Gold, Silver and Lead, in

Specimens of Ore from Lake Superior. (Prof. Ellis, School of Practical

Science, Toronto, November llth, 18S2.)

Anthropological Discoveries in Canada. (C. A. Hirschfelder, Esq., November
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THE PRESIDENT'S ADDRESS
FOR THE SESSION 1882-3.

BY J. M. BUCHAN, M. A.

[Read at the Opening Meeting, November 2nd, 1882.]

Ladies and Gentlemen :

In appearing before you at this, the first meeting of the Canadian

Institute during the present season, in order to assist in inaugurating

what I trust may be an important and interesting winter's work, I

desire in the first place to acknowledge the high honor which my
fellow-members have conferred upon me in electing me to the presi-

dency. I regret, indeed, that the duties which that honor imposes

have not fallen into abler hands ; but in undertaking to attempt to

perform them I rely upon the kind forbearance and active cooperation

of all who have at heart the welfare of this old, important and

useful institution.

The value of associations of the kind of the Canadian Institute is

very often not recognized by the general public. Nor is this to be

wondered at. Our work is from its very nature not likely to make

much noise or attract much attention. Nevertheless we discharge a

function, the importance of which will at once be conceded when it

is stated. The Canadian Institute serves as a rallying point for culti-

vators of all branches of knowledge, for original investigators, and

for all who without themselves performing original work, or in any

special sense cultivating knowledge, desire to afford every aid and

encouragement possible to those that do. Here any one who has in

any way enlarged the sphere of our knowledge will find some to

appreciate and applaud his efforts. We do not, however, confine

ourselves to mere appreciation and applause ; as well as we can, we

discuss and criticise ; and every year a certain number of papers are

selected for publication in our transactions. These transactions are

sent to other similar societies in exchange for their published pro-

ceedings, and in this way our and their knowledge of what work is

being done is kept up. We correspond in this way with 114 bodies

in various parts of the civilized world. You will find on our tables

26
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proceedings and reports from various bodies in the United -States of

America, Mexico, South America, the British Islands, France, Spain,

Italy, Belgium, Holland, Germany, Austria, Denmark, Norway,

Sweden, India, Australia, and other countries, giving us information

as to what the learned world is doing everywhere in all departments of

inquiry. These are of great value to the specialist, inasmuch as

they enable him to ascertain what other specialists in his department

are doing. We are in this way a member of a great federation of

learned societies, each of which, as far as practicable, cooperates with

all the rest, and whose work, when summed up, amounts in each year

to a great total, however insignificant the contributions of individual

bodies may be. The existence of these learned societies is one of

the marked features of the history of modern times, and both an

index of a great advance in civilization, and an augury of still

greater progress.

In addition to encouraging research and the acquisition of know-

ledge, we undertake to discharge the related function of receiving

and caring for objects of scientific, historical or antiquarian interest.

We have already accumulated a considerable collection, which we

are now engaged in classifying, and we hope ultimately to have here

a museum which will be one of the most interesting sights in the city.

We have hitherto been prevented from arranging our material by two

causes. Before this building was erected we had no room ; since its

erection we have had no money. We now feel able to attempt to

devote a little money every year to this purpose; not as much indeed,

as we would like, but still some. I know of no object to which one

of our wealthy fellow citizens could better devote a legacy of a few

thousand dollars, than to the building up of our museum. And there

is a pressing need of a good museum somewhere in Ontario, for one

reason. There are scattered over this country an immense number of

objects of ethnological and archaeological interest, that have recently

been obtained from Indian ossuaries which reveal to us the physical

character and state of civilization of the aborigines of this country

before they came into contact with the white race. Unless some

effort is made to prevent it many of the most valuable of these relics

will be lost, or destroyed, or carried off to other countries. The

Canadian Institute proposes to do what it can to meet this want, and

it asks for the hqarty cooperation of all who feel the importance of

the work.
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It is the intention of the Council of the Canadian Institute to

arrange for two short courses of public lectures this winter. One of

these courses will be scientific, the other literary. What the Council

aims at is to perform somewhat the same kind of work as is clone by

the Royal Institution and some similar societies in London. The

Council asks for the cordial assistance of the friends of the Institute

in carrying out this scheme, not only on account of the intrinsic

desirability of having such courses delivered, but also because it

hopes to be able by means of the surplus of receipts over expenses

to add to the amount available for improving the museum and

library.

I now purpose inviting your attention for a short time to some

remarks on the relation between progress in physical science and pro-

gress in other departments of thought and action. It is of course im-

possible for me to do justice to so vast a subject, in the time at my
disposal, nor do I flatter myself that I could say very much that is

new, if I had time, but I have selected this topic for a few inaugural

remarks, because discussion of it, however imperfect, will throw more

light on the real importance of societies such as the Canadian Insti-

tute than anything else which I could say.

It will in the first place be advisable to obtain a clear idea as to

what is meant by the word science. Science originally meant
knowledge, but now it means something more. A man may
know a great deal about some groups of facts, and yet have no
scientific knowledge of them. A savage of three-score-and-ten who
has spent his life in hunting will have a great knowledge of animals,

but not a scientific knowledge. An accumulation of knowledge

becomes a science when it is brought into order by the discovery of

great general statements that enable us to arrange the facts, or by
the discovery of the laws of certain phenomena. The savage whom
I have just mentioned would come to have a scientific knowledge of

zoology, if he became able to arrange the animals he knew in certain

classes. In proportion as knowledge becomes systematized it becomes

science.

In the next place what is meant by physical as distinguished from
other science 1 The physical sciences are those which deal with the

material universe ; mental and moral science deal with the spiritual

universe. The term natural science is now often used as synonymous
with physical science. Originally it meant something quite different



364 the president's address.

and might have been construed to include much that is now brought

under the head of mental and moral science. It meant all science

that is not supernatural, that is, all knowledge that is not obtained by

revelation from the Deity or by occult dealings with the devil and

his agents. It is used in this sense in the charter incorporating the

Royal Society granted about the beginning of Charles II.'s reign.

The reason of the change in the meaning of the term is to be found

in the fact that since that date the progress of physical science has

been much greater than that of mental or moral science. In the

same way and for the same reason the generic term, science, has

come to be commonly used in the specific sense of physical science.

There is a latent popular disbelief in the existence of any science

except physical science.

There is no race of mankind since history began that is not, and

has not been, in possession of some of the facts on which the various

physical sciences are based. But progress in physical science depends

not so much on capacity for collecting facts as on ability to discover

the laws of facts, and this ability has never been manifested to any

considerable extent except during the last three centuries and a half,

and then only in the limited part of the earth's surface occupied by

the civilized European nations. The ancient Greeks, indeed, whose

vigour of intellect led them to attempt every department of inquiry,

paid great attention to the physical sciences, but their progress was

not at all commensurate with the amount of effort they put forth.

We have accounts which show that they laid siege to the secrets of

nature for about 800 years, or from the time of Thales, about 600

years before, to that of Ptolemy, the astronomer, about 200 years

after Christ ; but during all this time they did not succeed in estab-

lishing one important physical law. It is true that some Greek

astronomers broached the idea that the earth is round, and the sun

the centre of the system of worlds to which the earth belongs ; but

not only were these views not established, the contrary notions pre-

vailed. The Ptolemaic system, which obtained universal acceptance

until the 16th century, made the sun revolve around the earth.

Archimedes, indeed, discovered the laws of the equilibrium of fluids,

but he did not succeed in so establishing them as to make them a

part of the common mental property of mankind.

The failure of the Hellenic intellect in this department appears to

have been due to the adoption of a wrong method. In modern times
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great progress has been made because the scientific mind has become

impressed with the necessity of, from time to time, examining every

received theory, in order to ascertain whether it is still in accordance

with facts. Thus, the phlogistic theory of chemistry promulgated

by Stahl and Beccher was replaced by the oxygen theory of Lavoisier,

when the discoveries of Scheele, Priestley,Cavendish and Black, showed

it to be no longer tenable ; and in our own day a very considerable

change in chemical theory and nomenclature has been made, because

the facts were found not to agree with deductions from the received

theory. Now, the Greeks did not neglect to observe facts, and in

truth, all the theories that they formed were based on facts. But

they had, as Buckle thinks the Scotch have, a strong bias towards

deduction, and having once made a generalization, their tendency was
• to reason from it and accept the results of this reasoning without

ascertaining whether they too were supported by the facts. From
this, also, resulted a great indistinctness and haziness in their expla-

nations of phenomena, even when they had by chance obtained some

glimmering of the correct view. As in the case of the giant who
received an accession of strength when he touched mother earth, it is

for the advantage of all fcheorizers to come down frequently to the

solid basis of reality. This tendency to deduction in the Greek mind

had, indeed, its good side. To it we owe the geometry of Euclid,,

which is the logical exhibition of the conclusions implicitly contained

in a few definitions, postulates, and axioms. In modern times there

has been a close alliance between the mathematicians and the devo-

tees of the sciences of observation and experiment, to their great

mutual advantage. But whatever may have been the cause, the geo-

metry of Euclid failed in ancient times specially to promote progress

in other sciences.

While the failure of the Greeks to make any great advance in

this department has its lesson for us, the fact that they were the only

race of antiquity that made great and persistent exertions to solve

scientific problems has also its lesson. What was the cause of the great

intellectual activity of this race 1 T believe it to have been due to-

the same causes that made the Greeks free, whether these were

climatic, or racial, or connected with their occupation and mode of

life. As compared with Borne or Carthage, Athens and some of the

other great commercial cities of Greece were decidedly democratic,,

the Roman and Carthaginian populations having never been able ta
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shake off' the influence of great leading families to the extent to which

this was done in some parts of Greece. Rome was, however, freer than

Carthage, and accordingly we find that, while in Carthage there was

little intellectual activity, apart from trade, in Rome there was some,

and in Athens a great deal.

The most interesting part of history is that which throws light

upon the ideas and influences that have borne sway over the minds

of men. If we could gain a complete knowledge of these, we should

easily be able to construct a philosophy of history, for the great move-

ments of every age are due to these springs. The deed always exists

in thought before it becomes fact ; and, though it would not be correct

to say that humanity is conscious of the influences that sway it at

any particular time, yet it is true that the historical facts of the next

generation have now an immaterial, but no less real existence, in the

tendencies of the modes of thinking, feeling, and acting of the pre-

sent. Buckle has said that Shakspere helped much to make New-

ton. I think that true, and I think that Newton has in his turn ex-

ercised an influence on literature. To Newton, had he been born

earlier, both the antecedent discoveries necessary to enable him to

perform the work that he did, and the stimulus to do this work, would

have been alike wanting. There were undoubtedly very many men

of great ability in the middle ages ; but not one of tbem in any way

materially advanced physical science during that period of a thousand

•or more years.

There was, in fact, other work to be done in those times. Out of

the disorganization resulting from the break-up of the Western Roman

Empire, a new polity was to be developed. New common interests

were to be created to bind together the various races and to override

the differences which separated them. The history of Western Europe

has since that time been increasingly one. In every period since then,

and now more than ever, every important internal change in one of

the civilized European states is found to affect the rest. In the middle

ages, indeed, all Western and Central Europe tended, more and more,

to become, and finally became one community, at the head of which

was the Pope ; and, though his religious headship has long since

ceased to be recognized by some of the states, and Russia has forced

her way into the circle, there is still a real oneness of civilization and

interests. This oneness comes out in a remarkable manner when we

consider the general movement of events in modern times, and this it
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•will be necessary briefly to do in order to show the part which has

"been played by physical science.

During the middle ages the church was in the van of 1mman pro-

gress. She bound together distant lands by the tie of a common
belief, a common religious language, a common priesthood, and com-

mon prayers. Under her influence all Latin Christians came more

or less to feel that they were brethren. Before all the nations of the

rude west was placed a lofty ideal of life ; and into all were intro-

duced under her auspices some seeds of useful knowledge, of art, of

learning, and of refinement. The monks improved agriculture in the

north and west ; every pilgrim that went to Rome brought back new
ideas ; and the clergy were the conservers and disseminators of the

little knowledge of the time. But perhaps the most important work
that the church did in those ages was that which she performed in

aid of the abolition of serfdom. For lending her powerful assistance

to the cause of personal liberty she deserves the everlasting gratitude

of mankind.

With the abolition of villenage the church ceased to lead. Per-

sonal freedom led to increased industry, towns sprang up all over

Europe, there was a great development of commerce, and wealth

increased. Increase of wealth led to a greater diffusion and increase

of knowledge ; this in its turn led to inventions and discoveries

gunpowder revolutionized war ; the printing press multiplied books

the Renascence, or new birth of learning, art, and literature, follows

then comes Luther, and personal freedom has led to a movement

for spiritual- emancipation.

The revolt of Luther was contemporary with a great outburst of

imprisoned forces and a great onward movement of humanity.

Before the middle of the seventeenth century four great national

literatures had come into being, the English, the French, the Spanish,

and the Italian. The northern part of Europe became religiously

independent, and this religious independence was conjoined in two

cases, England and Holland, with political freedom. The air was

full of bold and original speculations, and nature began for the first

time in the history of man to find herself interrogated with success.

The first great event in the history of science is the establishment

of the heliocentric theory by Copernicus. Copernicus was a

contemporary of Luther, dying just three years before him, and,

though he lived and died in the old faith, was, in his own way,
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as much as Luther in his, the leader of a revolt against authority.

Though he seems to have satisfied himself of the truth of his views

early in the century, he did not promulgate them till about 1540.

They made their way slowly : it was not until after the middle of the

seventeenth century that they were generally received in England.

Bacon, the great apostle of induction, never assented to them, and

Milton, writing about 1660, bases the machinery of Paradise Lost

on suppositions inconsistent with the Copernican theory.

The discoveries of Copernicus were followed by those of Kepler,

who established the following propositions regarding the solar system,

namely :

—

(1) That the orbits of the planets are elliptical.

• (2) That the line connecting the sun and any planet sweeps over

equal areas in equal times.

(3) That the squares of the periodic times of the planets are in

the same proportion as the cubes of their mean distances from the

sun. Then follow the discoveries of Galileo, and in the latter half

of the seventeenth century Newton appears on the scene to furnish

a mathematical explanation of the motions of the heavenly bodies.

About 158 t the laws of the equilibrium of fluids, which had been

known to Archimedes, were rediscovered by Stevinus. In 1616

Harvey discovered the circulation of the blood. About 1621

Willebrod Snell discovered that the ratio of the sines of the angles

of the incidence and refraction of a ray of light is constant for the

same media. During the first half of the seventeenth century the

three fundamental laws of motion were established, the most promi-

nent name connected with them being that of a scientific man already

mentioned, the astronomer and physicist, Galileo. During the same

period Torricelli discovered the vacuum which goes by his name,

and Pascal proved that the height of a column of liquid in a tube

with a vacuum above it depends upon the weight of the column of

air balanced by it. About 1650 Boyle established the law that the

density of a gas varies as the pressure, and in 1651 Pecquet, a French

physician, discovered the motion of the chyle.

By the middle of the seventeenth century the violent perturbations

caused by the great movements of the sixteenth century had for the-

most part ceased. Italy and Spain, having early rejected spiritual

liberty, had fallen into decadence. The Thirty Years' War, the last

Eui-opean religious war, had ended in 1648, leaving Germany
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exhausted. The defeat of the Fronde and the consequent establish-

ment of a paternal despotism in France, injuriously affected science

in that country. With the decline of interest in religious questions

a change came over the intellectual temper of Europe. Though, in

the north-west of the continent, knowledge was becoming every year

more widely diffused, and the spirit of investigation and discovery

was very active, there was throughout the entire civilized world

during the period between 1650 and 1750 as compared with the

periods preceding and following it an absence of lofty dominating

impulse's.

It is a noteworthy fact that during this period the greatest intel-

lectual activity was manifested in the country which made the greatest

political progress, and that the single scientific name of the highest

rant, that of Newton, belongs to the same country.

The Royal Society was one of the results of the same intellectual

ferment which produced in the political sphere the civil war and the

changes in the English constitution which resulted from it, in the

religious sphere the first great English sceptics and the break-up of

the national church into sects, and in the literary sphere the poetry

of Milton. Its inception dates back to 1645, the last year of the-

civil war, but it was not organized as the Royal Society until the

Restoration. It was one of the marks of the beginning of a new

age in England—of an age which, accepting as final the solutions of

religious and political questions resulting primarily from the civil

war, but thrown into their ultimate shape by the revolution of 1688,

devoted itself with a single eye to material progress. For about a

century, or from about 1660 to 1760, England was almost destitute of

enthusiasms affecting great masses of people. The most typical part

of this period is the administration of Walpole. An examination

of its character reveals to us a slumbering church and a politically

apathetic people governed by a corrupt parliament. Manufactures-

are increasing, the colonies are growing, foreign trade is developing,

waste lands are being reclaimed, population is advancing. Every-

where the evidences of a smug material prosperity are to be discov-

ered. It was a prosaic age. It was likewise, in the most literal

sense, an age of prose. Between Milton and Wordsworth we had

no poetical writer of the first order of merit. More than this, our

modern English prose style was then formed. The long, involved,

highly eloquent, but strangely worded, and strangely arranged sen-
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tences of Milton sound almost foreign to our ears. The new prose

style began with Dryden, was improved by the writers of the age of

Anne, and perfected by Dr. Johnson. The thorough limpidity of

which the new style is capable is, I believe, to a large extent due to

the absence of enthusiams, to the material aims, and to the mainly

matter-of-fact scientific discussions of the age in which it was formed.

For it was not an age of brilliant scientific speculations, but rather

one in which the mines discovered by preceding geniuses were worked,

in which facts were collected, in short an age of considerable though

not specially brilliant advances upon the past and anticipations of

the future.

The character of this period between 1660 and 1760 is the same

throughout Western Europe as in England. It is the plain be-

tween two mountain ranges, the pause between two pulsations of

hnman pi-ogress. It was a period of intellectual ebb. There were

undoubtedly great and active minds in all the cultivated European

nations ; but the work which they performed consisted mainly in

extending the application of the laws discovered by the men of the

previous epoch and in accumulating new facts. But, though it was

a period comparatively infertile in new ideas, it would be a mistake

to consider it one of retrogression. It was rather a foundation-

laying period, rather the period of the slow germination of the con-

cealed grain.

About the middle of the eighteenth century a change came over

the intellectual life of Europe. A new race of writers and thinkers,

more numerous than, and as active and able as any the world had

ever seen, began to propound new views in every department of

human enquiry. To the political thinkers of that age we owe the

democratic impulse which within about a hundred years produced the

American Revolution, the French Revolution, the change of the

Spanish American Colonies into republics, the English Reform Bills,

the movements of 1848, the freedom of Italy, the unification of

Germany, the abolition of slavery, the great host of socialist move-

ments, the establishment of systems of universal education. To the

same movement operating in the moral and spiritual sphere, we owe

the overthrow of the Jesuits, the weakening of the alliance between

church and state everywhere, the emancipation of proscribed religious

minorities, such as the Catholics in England and the Protestants in

France, the great tendency to scepticism and atheism which has since
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prevailed, the great philanthropic movements for the improvement of

the treatment of criminals, of the insane, of idiots, of the mute, and

of the blind, the attack upon the use of alcoholic beverages, and

various other great humanitarian enterprises.

In literature, a new race of poets arose, untrammeled by received

traditions as to the form or the subjects of poetry. Germany produced

her first and only great poets, Schiller and Goethe ; in England the

poetical glory of many preceding ages was eclipsed by that which

produced Wordsworth, Coleridge, Shelley, Byron and Scott. The

modern philosophical method of writing history was developed by

Montesquieu, Yoltaire, Hume, Robertson and Gibbon. Contemporane-

ously with all these intellectual and spiritual movements arose a great

scientific one. The latter half of the eighteenth century is preemi-

nently an era of the promulgation of great scientific theories and the

discovery of great natural laws. In this work the intellect of France,

' the country which was most powerfully affected by the great upheaval

was by far the most prominent. Lavoisier laid the foundation of

chemical science by propoundiug his oxygen theory. To Rome de

Lisle, we owe the science of crystallography, to the two Jussieus is

due the natural system of classification in botany ; in zoology, Cuvier

originated the idea of types, and the same thinker may claim the

merit of being one of the fathers of the science of geology. To

Fourier, another Frenchman, we owe the accepted theory of the con-

duction, to Prevost that of the radiation of heat. Coulomb, one of the

greatest names in electricity and magnetism, and Laplace, perhaps

the greatest advancer of mathematical astronomy since Newton, were

likewise Frenchmen of this age, and to these may be added a whole

host of lesser names.

In English-speaking countries the spirit of scientific research was

only less active. The names of Black, Cavendish, Priestley, Erasmus

Darwin, Smith the geologist, Franklin, and the first Herschel at once

occur to every one. More eminent than any of these are Dal ton, the

propounder of the atomic theory in chemistry, and Thomas Young,

the establisher of the undulatory theory of light, both of whom
flourished about the commencement of this century. In Italy, the

foundations of galvanism were laid by Galvani ; in Germany, we have

Werner, the geologist, and Goethe, the poet, whose theories on the

morphology of animals and plants, show that his scientific was not

greatly inferior to his literary ability. From that time the number
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of scientific workers and scientific societies has steadily and rapidly

increased, and while the democratic spirit has been making its way

in the political, the scientific spirit has been growing increasingly

powerful in the intellectual world.

And there are no signs that either the democratic or the scientific

impulse that we owe to the eighteenth century has spent its force.

The wave of political liberty still rolls onward, and every year adds

some remarkable discovery to the list of scientific achievements.

Enough has been said to show that there is a certain sympathy

between science and liberty. When the intellect of Europe emanci-

pated itself from authority in the sixteenth century, modern science

began ; when, in the eighteenth century, the era of democracy set in,

a host of new sciences came into existence. In ancient times any-

thing of importance done in science was done by the Greeks, one of

the two great free nations. Are these coincidences mere accidents,

or do they point to a real connexion between science and freedom I

If there is a real connexion, can we to any extent define its nature I

The connexion between science and freedom is, of course, a single

phase of that between science and human progress. Let us see-

whether we can discover how science is related to human progress.

In discussing questions of this kind it is of course impossible to<

separate completely one element in human progress from the rest,

and to point out fully what its reactions have been. The utmost

that we can do is to discover some links of connexion. We
find for example that in the sixteenth century a great scientific and

a great religious movement existed together. From their synchron-

izing we infer that they were both products of the same general

causes, whatever these were. Both were clearly of the nature of

revolts against established authority, and to both the principle of the

right of private judgment was very important. Up to a certain

point the cause of science and that of Protestant theology were the-

same. But it is impossible not to see that they have long since

diverged, and that there is now a certain antagonism between them.

There can, of course, be no real opposition between religion and

science. All truth is one. But at present certain received theologi-

cal dogmas and scientific generalizations clash, and until the one, or

the other, or both are modified, peace cannot be restored. If, for

example, the Deity may send rain in answer to prayer, it cannot be
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true that " nature is the expression of a definite order with which

nothing interferes."

At any rate the great scientific movement of the last 130 years

has been attended with a great development of atheism and scepti-

cism and of materialist philosophies. That scepticism, which it is

necessary for the succesful student of science to exercise with regard

to every supposed discovery, until it is proved beyond a peradventure,

has been carried by many into the religious and philosophical spheres

in such a way as to lead to these results. The most popular philoso-

phy of the present age on this side of the Atlantic is that of Herbert

Spencer. It owes its origin to the speculations of Charles Darwin,

and is simply an application of his theory of natural selection to

every department of human inquiry. If not in strictness to be

called a materialist system, it is so near to being one as to produce

all the hardening and narrowing effects of materialism on nearly all

those who adopt it.

In so far as the study of physical science assisted in establishing

the principle and furthering the practice of the right of private

judgment it served the cause not only of religious, but likewise of

political freedom. In so far, too, as it substituted for the old idea

-of a god capriciously ruling the universe, like an oriental sultan,

that of a deity guiding it according to fixed laws, it contributed to

the setting up of a good model for earthly governments. Perhaps it

would be in accordance with fact to go further in the same direction

and say that in so far as the advances of physical science have tended

to develope the pantheistic idea that God is not a separate entity, but a

force pervading the universe, conscious in many living creatures,

unconscious elsewhere, it has set before the world a model for demo-

cratic government, seeing that in that form the sovereign power is

recognized as really diffused through every part of the state. These

analogies may seem fanciful, but those who know how the political

and religious ideals of a nation react upon each other will not hastily

conclude that there is nothing in them.

It will be interesting to note here that the pantheistic view of the

universe referred to just now has permeated the writings of some

modern republican poets. Shelley, who began with atheism, ended

with views which were pantheistic in character, and it is worthy of

notice that he was distinguished among the English poets of his age

for the interest he took in physical science. One of his contempo-
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raries, Keats, laments in a very beautiful passage that the discoveries

of science are lessening the mystery -of nature.

There was an awful rainbow once in heaven.

We know her woof, her texture, she is given

In the dull catalogue of common things.

Science does not, of course, really diminish mystery ; it merely

pushes it back. He who possesses a little knowledge is simply the

centre of a small circle whose circumference touches the mysterious

at every point. Enlarge the circle by increasing knowledge, and a

larger circumference affords more points of contact with infinite

mystery. Shelley deals with science in a very different fashion from

Keats, and has in a few poems, notably in that of The Cloud, made

his scientific knowledge furnish part of the very web of his fabric

His pantheism appears in expressions such as that in which he

represents the sun as saying :

I am the eye with which the universe

Beholds itself and konws itself divine.

Emerson, the American poet and philosophical thinker, recently

deceased, is remarkably distinguished for the prominence he gives to

the poetical aspects of science. For him likewise the pantheistic

view of the universe had great attractions. His poems abound in

passages like the following in that entitled Brahma.

They reckon ill, who leave me out

;

When me they fly, I am the wings
;

I am the doubter and the doubt

:

And I the hymn the Brahmin sings.

Or like this in the Song of Nature, in which in answer to the

question :

But he, the man-child glorious,

Where tarries he the while ?

He makes her say, »

Twice I have moulded an image,

And thrice outstretched my hand,

Made one of day, and one of night,

And one of the salt sea-sand.

One in a Judsean manger,

And one by Avon stream,

One over against the mouths of Nile.

And one in the Academe.

I moulded Kings and Saviours,

And bards o'er kings to rule, etc.
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Thus expressing clearly the view that the greatest beings that have

been upon earth are products of the force of nature.

The pursuit of knowledge of any kind has a levelling tendency.

It was by no accident that the phrase, republic of letters, was coined.

In literature there is no king. There are no more democratic bodies

than companies of learners, and the capacity to appreciate any given

book, puts at least for a time, the peasant on the same platform with

the prince. In the department of physical science, in particular, a

man's standing depends completely on his merit. It affords a very

good example of the carrying out of the democratic maxim :

La carriere onverte aux talens.

The tools to him that can use them.

More than this, the very spirit of investigation fostered by the

study of the physical sciences is fatal to respect for any authority

based on no real claim. When men of science take to politics they

generally show decided democratic leanings. Again, the improve-

ments in industrial processes, the labour-saving inventions, the many
contrivances for increasing the control of man over nature which have

resulted from the discoveries of men of science, have linked them, in

an intimate way, with the masses of mankind. They are in fact the

high priests of industrialism, which is always democratic.

And this leads me to remark that the cultivation of the physical

sciences has been favourable to democracy in another way. It has

resulted in the building up of a great learned class independent of

the court, the nobility, and the clergy, and without any class interests

or class organization that can be inimical to the well-being of the

state. The importance of this has perhaps not been sufficiently

noticed, if noticed at all.

It remains now to still further remark upon the influence of the

scientific spirit upon literature. It has, indeed, affected every branch

of it. I have already said that the modern philosophical method of

writing history had its origin in the eighteenth century. Since then,

the scientific method has demolished many a false historical fabric,

and a beginning has been made in the science of comparative politics.

We have ceased to believe in Romulus and the she-wolf that

suckled him ; all early Roman history has been re-written ; we are

doubtful whether there was a Homer ; William Tell's splitting of the

apple with his arrow has been shown to be a myth. The pervading

scepticism of the scientific method has caused almost all statements
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"with regard to the past to be subjected to a raking cross-fire. Much
has been shown to be unworthy of credence, but the separation of

the wheat of history from the chaff, as far as it has been accom-

plished, has been a "work of great value.

In the study of languages also the scientific method has been

adopted. But perhaps the most remarkable thing to which attention

can be directed in this connection is the rise contemporaneously with

the scientific and democratic movements of last century of a race of

poets manifesting a sympathy with nature in all her moods never

exhibited before. It has often been remarked that the feeling for

the beautiful and the sublime in the external world is much stronger

in modern than in ancient poets. It has often also been remarked

that there was a great revival of the love for external nature in the

poets who flourished in England at the end of the eighteenth and the

beginning of the nineteenth century. Ruskin, for example, has

noticed that the sense of colour is more highly developed in modern

than in ancient writers, and in speaking of Scott, he directs attention

to the way in which he looks at nature " as having an animation and

pathos of its own wholly irrespective of human presence or passion."

It has, I believe, never before been suggested that this is connected

with the great development of the sciences of observation. Yet

there is some reason for thinking that it is. I must not, however,

be understood to say that the greater intensity of this particular

poetic feeling is the effect of our scientific progress. It may be to

some extent its cause ; but it would perhaps be more correct to

speak of both as different phases of, and alike due to the influences

which have given its special characteristics to the intellectual growth

of modern times.

Not only, however, are modern poets distinguished by a deeper

feeling for the aspects of external nature ; they also observe it with

a minute and scientific accuracy. Read, for example, the beginning

of Enoch Arden :

Long lines of cliff breaking have left a chasm
;

And in the chasm are foam and yellow sand
;

Beyond, red roofs about a narrow wharf

In cluster ; then a moulder'd church ; and higher

A long street climbs to one tall-tower'd mill

;

And high in heaven behind it a gray down
With Danish barrows ; and a hazel-wood

By autumn nutters haunted nourishes

Green in a cup-like hollow of the down.
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What completeness in the details of this picture ? You would

know the place if you happened to visit it.

Read also for example the following passage from Marmion, de-

scriptive of the hero's journey on the day after leaving Norham Castle.

Oft on the trampling band, from crown

Of some tall cliff, the deer looked down
;

On wing of jet, from his repose

In the deep heath, the black-cock rose
;

Sprung from the gorse the timid roe,

Nor waited for the bending bow ;

And when the stony path began,

By which the naked peak they wan,

Up flew the snowy ptarmigan.

There are no generalities here ; the description is marked by ex-

ceeding accuracy ; Scott had himself seen these details with delight

and reproduces them with pleasure.

But of all modern English poets Wordsworth is perhaps most dis-

tinguished for the love of nature. He spent his life in one of the

most beautiful parts of England and composed much of his poetry

out of doors. He tried in prose to give expression to his' theory of

the essential beauty of the commonest sights. His poems show how
he loved the external world, not only in its general aspect but in its

minute details. They likewise show that he was inspired by a love

of nabire for herself which was entirely independent of any meanino-

he saw in her. He says :

The sounding cataract

Haunted me like a passion ; the tall rock,

The mountain, and the deep and gloomy wood,

Their colours and their forms, were then to me
An appetite, a feelmg and a love,

That had no need of a remoter charm

By thought supplied, or any interest

Unborrowed from the eye.

Very many of us now share this mental attitude ; but that should

not lead us to forget that as a prevailing habit of mind the love of

nature has gained greatly in depth and range in the last century. It

is only within that period that the love of scenery has appreciably

influenced the travelling public. It may be that previously the diffi-

culty of going from place to place was so great as effectually to nip

in the bud any nascent taste for natural scenery ; but this explana-

27
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tion does not fully account for all the facts. The ancients, like the

moderns, were accustomed to go in great numbers to pleasant places

that were easy of access ; but we do not hear of their going at the

expense of great physical discomfort to spend a night on the summit

of a frozen Alp, in order to witness the sun rise from it, or doing

anything of a similar character. They loved nature in so far as her

aspects suggested comfort and enjoyment ; but the whole class of

poetic sensations based on the feeling of man's oneness with the rest

of the universe was almost entirely absent from their souls.

Another important feature in the literary history of the nineteenth

century which is, I think, connected with the predominance of physi-

cal science in the intellectual world is the production of a consider-

able mass of verse which may be classed as the poetry of doubt and

negation. The leading feature of the poems belonging to this class

is that they deal with the religious aspect of the general scepticism

due to the scientific method. The prominent English names in this

school are Shelley, Tennyson, Arthur Hugh Clough, and Matthew

Arnold. Tennyson, indeed, falls into this class not on account of the

general character of his works, but on account of one single poem,

In Memoriam. That, however, is his best. The connexion of the

scepticism, which he fights and overcomes in that poem rather by

force of will than by argument, with the scientific movement is

shown by innumerable passages, many of which have become stock

quotations. Here is one of the most familiar :

Are God and Nature then at strife

That Nature lends such evil dreams ?

So careful of the type she seems,

So careless of the single life,

That I, considering everywhere

Her secret meaning in her deeds,

And finding that of fifty seeds

She often brings but one to bear.

I falter where I firmly trod.

Matthew Arnold has, like Tennyson, fought his doubts and over-

come them ; but he has arrived at a much less definite belief.

Clough and Shelley both died before reaching any very defined

belief. The nature of the former made him a pure doubter ; that of

the latter an asserter of negations. Shelley is not so much a poet of

doubt as of defiance.
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~No one who narrowly scrutinizes the intellectual influences of our

own clay can fail to see that that of science is one of the most iinpor.

tant. One scientific speculation, that of Charles Darwin on the

origin of species, has within less than a quarter of a century com-

pletely revolutionized the world of thought. The frequency with

which such words and phrases as, development, evolution, survival of

the fittest, struggle for existence, etc., are now used in our newspapers

and in ordinary conversation, is perhaps the most striking proof of

the extent to which the world generally has been unconsciously

influenced by him. Nearly all the leading scientific men of the age

are Darwinians ; the only exceptions are a few of the older men who

still keep their heads above the advancing tide. This theory seems

to strike at the belief in personal immortality and the other founda-

tions of morals and religion ; and some writers, notably Mr. Goldwin

Smith, have given expression to the opinion that a day of moral un-

settlement and consequent deterioration of hunan conduct is approach-

ing. They would reecho what Tennyson has expressed in In

Memoriam.
I trust I have not wasted breath :

I think we are not wholly brain,

Magnetic mockeries ; not in vain,

Like Paul with beasts, I fought with death.

Not only cunning casts in clay :

Let science prove we are, and then

What matters science unto men,

At least to me ? I would not stay.

Let him, the wiser man who springs

Hereafter, up from childhood shape

His action like the greater ape,

But 1 was born to other things.

Such lamentations appear to have little effect upon the advance of

•evolutionist views. Like some necromancer whose spells have evoked

a spirit which he cannot lay, the activity of the human intellect has

developed a system of beliefs with regard to the material universe that

seems to threaten the very foundations of society, and we can do

nothing but look on. Yet I, for one, have no serious apprehensions.

I believe

That somehow good

Will be the final goal of ill.

The presence of the religious and moral elements in man is at least

as much a fact as the links of resemblance that establish a relation
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between us and the anthropoid apes. If the analogies of our physi-

cal nature connect us with the earth, those of our spiritual nature join

us with the skies. The Power that rules the universe governs not only

us but everything in it, including the causes and effects of the pro-

mulgation of the Darwinian theory, and it seems therefore unreason-

able to be over-anxious because we cannot see how the breakers, or

appearances of breakers ahead are to be avoided. We are looking

at a single scene of the great drama of human progress, and though

I do not know what is going to happen in succeeding scenes and actsy

I have an abiding faith that what does happen will be right.

But, if the great advance of science has produced some effects that

seem of doubtful benefit, of what incalculable value has it not been

on the whole t It has in may ways mitigated or nullified pain ; it

has procured for us innumerable physical comforts j it has lengthened

life ; it has built up the confidence and increased the energy of man
by causing him to believe that his control over the forces of nature-

may be indefinitely increased. But on these things I shall not dwell

for science has won greater victories. Its discoveries have furnished

subjects of contemplation that have solaced innumerable spirits in the

hour of misery, that have elevated the mean, and given breadth to the

narrow, that have shamed men out of selfishness, and added a new

force to every lofty and honorable impulse. In comparison with the-

vast extent of the physical universe how small is my material being,

but how grand that part of my nature that makes me intellectually

monarch of all that the mental eye can see. Into remote spaces

whence it takes light millions of years to come, I range in thought ;

I view the smallest object visible under the most powerful microscope-

and yet see further with the eye of the mind ; I trace the history of

the earth from its original completely molten state down through

successive stages of cooling to the present, and onward through in-

numerable seons in the future, by virtue of my power of intellectual

vision. In presence of the sublime conceptions to which such ex-

cursions into the infinite realms of time and space give rise, one learns

to look down on the petty annoyances of the day, one rises superior

to temptations, nature becomes a temple, and life a poem.
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SOME NEW

EMENDATIONS IN SHAKESPEABE

BY E. A. MEREDITH, L.L.D.

In 1623, just seven years after Shakespeare's death, John

Heming and Henry Conclel " set forth" the first collected edition

of the poet's plays—the famous " First Folio," so frequently referred

to by Shakespeare commentators. In their preface to " The great

variety of readers from the most able to him that can spell," as they

quaintly phrase it, they say, " you have been abused with divers

stolen and surreptitious copies maimed and deformed by the frauds

;and stealth of injurious impostors:" "whereas," they add, "those

now offered to your view are cured and perfect of their limbs,

absolute in their members, as he (Shakespeare) conceived them."

After deploring the fact that Shakespeare had not lived to set forth

;and oversee his own writings, they add, by way of further recom-

mending the accuracy of their own work, " We have scarce received

.a blot on his papers." From this it would naturally be supposed

that the editors enjoyed the special advantage of printing from

.Shakespeare's own manuscript— a supposition the more likely, as

the editors had been his intimate companions and were privileged to

speak of the poet as their " friend and fellow." As a matter of

fact the editors of the " First Folio " do not appear to have had

any such advantage, for Professor Dowden, perhaps the highest

authority on such a question, assures us that " several of the plays

in the ' First Folio ' are in fact printed from earlier Quartos, while

in other cases the Quartos gave a text superior to the Folio."

If Heming and C'ondel were the first Shakespeare editors to

mourn over the corruptions and mutilations which the text of their

author had undergone, they most certainly wei-e not the last. From

that day to this these corruptions have not ceased to perplex the

editors of Shakespeare and to furnish an inexhaustible field for the

ingenuity of his innumerable commentators.
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If we are correct in ascribing to Shakespeare the well-known

epitaph on his tombstone cursing any one who should disturb his

bones, we cannot but regret that the poet who concerned himself SO'

much about the safeguarding of his earthly part, should have taken

so little thought about' his literary remains. Never, perhaps, were

literary pearls cast before swine more recklessly than by Shakespeare.

Referring to the infinite variety of influences which contributed

to the corruption of Shakespeare's plays, Johnson truly says, "It

is not easy for invention to bring together so many causes con-

curring to vitiate a text." Illiterate copyists, blundering printers,,

stupid players, all took part in the work of destruction. Small

wonder that so large an amount of alloy has come to be mixed up

with the pure gold of Shakespeare. The wonder is rather that the

mutilation and destruction was not more disastrous and complete.

In the work of reverently restoring the original text of our poet,

of recovering his lost pearls, all the great English commentators

from Rowe and Malone down to our own time have lent their will-

ing aid. Specially during the last quarter of a century has the work

of restoration been helped forward by such scholarly critics as Dyce

and Staunton, to say nothing of the ingenious Collier, of somewhat

questionable honesty.

Although much has been done, still very much remains to be done

before the text of Shakespeare can be purified altogether of its dross.

There is still no lack of confessedly spurious passages to provoke

and reward felicitous conjecture. The present paper is my second

contribution to this pious work. 1 The emendations which it con-

tains, original so far as I know, will be found, it is hoped, to clear

away some of the errors of copyists and printers. The textual

changes are for the most part slight, sometimes merely the alteration

of two or three letters or the transposition of two consecutive

words.

Turn we to " The Tempest," usually placed first in the old

editions of Shakespeare, although it is now universally admitted to-

have been one of his latest plays, in Professor Dowden's opinion

possibly his very latest. Act II., sc. 11

—

Trincnlo loquitur—He
has come upon the monster Caliban stretched upon the ground partly

i A paper on the same subject was read before the Literary and Historical Society off

Quebec, and published in the Transactions of the Society for April, 1863.
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hidden by the logs of wood which he had been carrying to Pros-

pero's cave, and which he had thrown down in terror on seeing

Trinculo.

" What have we here—a man or a fish—dead or alive 1 Were I

in England now, &c, then would this monster make a man. When
they will not give a doit to relieve a lame beggar, they will lay out

ten to see a dead Indian." I venture to suggest that Shakespeare

wrote live, and not lame. The two words, if carelessly written, look

very much alike, but live seems the natural and true word, and gives

force to the contrast which the jester Trinculo wishes to draw, viz.

:

That the English sight seer would spend ten times as much on seeing

a dead Indian as in relieving a live countryman.

The opening speech of Ferdinand in the 3rd Act of the same play

contains a line which has been a veritable enigma for the critics.

Ferdinand, being commanded by Prospero to pile up a number of

logs at his cave, enters carrying one. Pausing in his work he thus

soliloquizes :

'
' There be some sports are painful,

But these sweet thoughts do even refresh my labour
;

Most busie least when I do it."

The last line is hopelessly meaningless. To quote Staunton :

"It is the great crux of the play. .No passage of Shakespeare has

occasioned more speculation, and on none has speculation proved less

happy. The first folio reads, ' most busie lest when I do it/ The

second, 'most busie least when I do it.' Pope prints, 'least busie

when I do it.' Theobald, ' most busiless when I do it.'
"

All will agree with Staunton that none of the emendations pro-

posed are very happy, and it were prudence, probably, not to attempt

to solve a difficulty which has bafHed so many. It seems to me,

however, clear that " most " and " least " cannot stand together in

the line, and that one or the other was written as a gloss for the

one which Shakespeare wrote. Either " most busie when I do it,"

or " least busie when I do it," is intelligible. " Most busie," how-

ever, would refer to "these sweet thoughts" of which he has just

spoken, and " least busie " to his feelings when at work. " Studio

fallente laborem." I am disposed to believe that Shakespeare wrote :

" But these sweet thoughts do even refresh my labour
;

Most busie—when I do it."
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These sweet thoughts being most busy when he was employed at

work. Some actor or copyist not understanding busie as referring

to these " thoughts," probably wrote " least " as a gloss in his copy,

and both words were by the printer incorporated in the text.

It is not a very uncommon thing for a gloss or a stage direction

to find its way from the margin into the text. We have an illus-

tration of the latter, if I am not mistaken, in the commonly received

reading of a line in the opening scene of the second Act of Henry

V., Corporal Nym, loquitur.

Nym.—" For my part I care not, I say little
;

But when time serves there shall be smiles."

The last word in the second line, "smiles," was, I take it, a stage

direction at the end of the line. Nym. merely says " there shall be

," without saying what. It is his " humour " to " say little,"

but he " smiles " significantly, as though he could say a good deal if

he would. The line as usually given, " we shall have smiles," seems

weak and not in Nym's vein.

By the way, I am not aware whether it has been suggested, that

Corporal Nyru, whose '• honesty " was of the Falstaff type, derived

his name from an old and now utterly obsolete English word
" Nimm," to take. The name being thus an index to the character,

as in the case of " Pistol," " Quickly " and " Doll Tearsheet " in the

same play.

In first part Henry IV., in the last line (Act III., s. 11), in Prince

Harry's speech, " If not the end of life cancels all bands." I think

we should certainly read bonds for bands. Cancelling bands is hardly

intelligible, but cancelling bonds is technically correct. Shakespeare

uses the same phrase twice elsewhere. In Pilchard III., we have
*' cancel his bonds of life," and in Cymbeline, " cancel these cold

bonds." Oddly enough in the previous part of this very speech the

Prince distinctly speaks of other legal instruments :

" Percy is but my factor. Good, my lord,

To engross up glorious deeds in my behalf."

In this connection I need hardly mention that the frequent and

correct use by Shakespeare of technical legal phrases has been ad-

duced as an evidence that Shakespeare must have spent some years

as a clerk in a lawj'er's office.
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In Richard II. thei-e are two or three of the finest passages in

the play in which I venture to suggest emendations. The first

•occurs in the splendid and patriotic speech which Shakespeai-e puts

into the mouth of old John of Gaunt, when on his deathbed, he

utters his last warning counsel to the weak young king, Richard

II. (Act II. s. 1.) It is the oft-quoted speech beginning, " Methinks

I am a prophet, new inspired," then follows his magnificent descrip-

tion of England :

'

' This sceptred Isle,

This fortress built by nature for herself

Against infection and. the hand of war."

Staunton objects, rightly I think, to the word " infection,"

"because, as a matter of fact, England in Shakespeare's time was not

preserved by her insular position from pestilential contagion. But

apart altogether from this very matter of fact argument I cannot

bring myself to believe that Shakespeare ever thought of regarding

the " silver sea" in which England was set, the " triumphant sea
"

as it is called in the same speech, as a " cordon sanitaire" to protect

the country from the plague ! This were on a par with using

" Imperious Caesar dead and turned to clay, to stop a hole to keep the

wind away." Farmer, feeling the necessity of an emendation here,

proposed the word infestion—a word not found, so far as I know,

anywhere else either in Shakespeare or any other English writer.

" Invasion " was, I believe, the word written by Shakespeare.

" Against invasion and the hand of war" brings the line into har-

mony with the whole speech.

In King Richard's speech, in the same scene, he is made to say :

" Now for our Irish wars
;

We must supplant these rough rug-headed kernes,

Which live like venom where no venom else

Hath privilege to live."

" Living like venom " appears to me harsh and forced, if not

obscure. I suspect Shakespeare wrote ''vermin" not " venom,"

alluding to the legend, popular then as now, that St. Patrick had
" banished all the vermin " from the Island of Saints. It may be

noted too that Richard proposes to deal with the " Irish kernes

"

very much as the Saint had done with the Irish vermin, namely,
4e supplant them," or, in other words, exterminate them—a mode of

dealing with the Irish which has probably suggested itself to the
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minds of many of the English rulers of Ireland since King Richard's'-

day. 1

Turn we now to what Professor Dowden calls the " dark and

bitter " comedy of Measure for Measure, a play which enjoys the

unenviable distinction of having more manifestly corrupt passages

than any other of Shakespeare's plays, excepting perhaps " Cymbe-

line." Claudio when deprecating the cruelty of the Duke's Deputy

in enforcing against him the penalty of an obsolete statute, in con-

sequence of his having had a child by Juliet says, Act I. s. 3 :

'

' And the new Deputy now for the Duke,

Whether it be the fault and glimpse of newness,

Or whether, &c."

The meaning of glimpse in this line I fail to see, and would suggest

that Shakespeare must have written not glimpse but gloss—gloss of

newness is most natural in speaking of the sudden accession of new
dignity to the Deputy. It is worth noting too that in several other

passages "gloss" and " new" are brought into close conjunction by

Shakespeare.

In Much Ado, we have " new gloss of your marriage ;" in

Macbeth, " be worn now in their newest gloss ;" in Othello, " con-

tent to slubber the gloss of your new fortunes."

Gloss written or printed with the long s might readily be mis-

taken for glimpse, especially when the former word was spelt with

an e at the end, as it certainly was by Shakespeare.

In Claudio's speech, immediately preceding the one in which this

line occurs, I would suggest the omission of " the " in the fourth

line, which now stands :

" Save that we do the denunciation lack."

" The " is not necessaiw here for the sense and spoils the rythm of

the line, and I believe we are justified in suspecting any line in

Shakespeare which is unrythmical as being corrupt.

1 Since writing the above my attention has been called to some passages from the literature

of Shakespeare's time, which certainly support the present reading.

" That Irish Judas,

Bred in a country where no venom prospers

But in his blood."
Dryden.

ADd in Pier's Ploughman wc have
" Of all freting venymes, the vilest is the Scorpion,"

Where "venym" is clearly used as the animal not the poison.
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I cannot help referring to a remarkable instance which this play

affords of a corrupt passage being retained in the text long after the

obviously true reading had been suggested. See III. Act, s. 2 :

Elbow.— " He must before the Deputy, &c.

The Deputy cannot abide a whoremaster.

"

Duke {who is now aware what a hypocrite the Deputy is) says :

" That we were all as some would seem to be,

Free from our faults as faults from seeming free."

The last line is sheer nonsense, and the ingenuity of all the com-

mentators from Warburton to Staunton has failed to extract any

sense from it. The simple transposition of faults and from in the

latter part of the line makes the whole passage perfectly clear, and

gives exactly the idea in the mind pi the Duke, namely, that

Angelo was not as faultless as he seemed to be. The same opinion of

Angelo is expressed by the Duke in other passages of the play

:

" Hence we shall see

If power change purpose what our seemers be."

And again, when he says :

'

' O, what may man within him hide,

Tho' angel or the outward side."

When it occurred to me many years ago thus to correct the line,

I jumped at once to the conclusion that the suggestion had never-

been made before. For if made I thought it could not but have

been immediately adopted. What was my surprise then to find

that the suggestion had been actually proposed by Hamner, a very

sensible fellow by the way, more than 100 years ago. The correction

has not even now been generally adopted in the recent editions of

Shakespeare, which aim at special accuracy in the text. The cele-

brated "Globe" edition of Shakespeare, published within the last

twenty years, marks the passage with an obelus (f), indicating that

it is a corrupt one for which no admissible emendation has been

proposed.

Let us take up now the tragedy of Macbeth, and turn to the

king's speech (Act I., s. 4), which he addresses to Macbeth returning,

after his victory :

" worthiest cousin.

Would thou hadst less deserved

That the proportion both of thanks and payment

Might have been mine."
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" For mine," says Staunton, " which no one can for a moment
doubt to be a corruption, we would suggest that the poet wrote

mean, i.e., equivalent, just and the like, the sense being, that the

proportion of thanks and payment might have been equal to your

deserts." I cannot think Staunton as happy as usual in this

emendation. The word Shakespeare wrote here was, I suspect,

"more," not "mine," or "mean." The substitution of more makes

the passage clear. Had Macbeth's deserts been less, the proportion

of the king's thanks and payments would certainly have been more.

What immediately follows confirms this correction, for the king

goes on

:

" Only I have left to say,

More is thy due than more than all can pay."

As an instance of the absurd rubbish, absolute jargon, which the

printers were ready to give as Shakespeare, I may cite a line from a

speech of the witty Mercutio as it is given in all the old editions

but one

—

" Cry but ' ah me'—Provant but love and day."

The true reading being —
" Appear thou in the likeness of a sigh,

Speak but one rhyme and I am satisfied,

Cry but ' ah me,' pronounce but love and dove."

The all me is the sigh, love and dove stands for the rhyme. Oddly

enough, " ah me" is the very first word which Juliet speaks or

sighs as she enters in the next scene.

It is no part of such a paper as the present to lay down any

general canons of criticism on the subject of Shakespearean emenda-

tions. But the following dicta will, I venture to think, be accepted

by most Shakespearean students :

1. That the sole object and j ustification of any emendation in the

text of Shakespeare, should be to eliminate any thing which

Shakespeare did not write, and to substitute if possible the ipsissima

verba of the author.

3. That any passage which is obscure and unintelligible may be

assumed to be corrupt.

3. That any line which is not rhythmical may be suspected not to

be Shakespeare's.

The first and second of the foregoing propositions will, I think,

commend themselves to most Shakespearean scholars. The second
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is in truth a corollary of the proposition, which is I think unques-

tionable, " That nothing which is obscure is Shakespeare."

As to the third, it is only another way of stating that Shake-

speare was such a master of rhythm, his musical ear was so correct,

that he could not write any thing which was harsh or unmusical.

When, therefore, we are startled by any line which lacks the

usual melody and rhythmical flow of Shakespeare, we cannot but

regard it with grave suspicion, and if we hesitate to pronounce it as

ipso facto corrupt, we must at least place it in the category of those-

which are soupgonnes d'etre suspects.

But besides the obscure and unmusical lines there are no doubt

many others which are corrupt. The accomplished editors of the

Cambridge -Shakespeare truly remark :
" There are many passages,

easily construed and scanned, and therefore not generally suspected

of corruption, which nevertheless have not been printed exactly as

they were written. Some ruder hand has effaced the touch of the

master." Some of these unsuspected corruptions have been dealt

with in this paper.

When I consider the scholarship and learning expended during

the last quarter of a century, both in Europe and America, upon the

works of Shakespeare, the volumes which have been written on his-

genius, mind, art and influence, the subtle sometimes perhaps too

subtle—analysis to which the principal plays and characters have

been subjected, to say nothing of the recent contribution to Shakes-

pearean literature in connection with what has been well called the

Bacon-Shakespeare craze, I cannot but be sensible of the compara-

tively humble field of enquiry to which my Shakespearean labours

have been directed. Indeed, I feel that to speak of what I have

done as " labour" at all may be to give to it a dignity to which it

has no claim. But if it may be so designated, it has assuredly been

a labour of love, where the labour was its own reward. If I could

hope by my suggestions to remove even one or two of the blem-

ishes or obscurities which mar and disfigure the bright page of

Shakespeare, I shall have the further satisfaction of feeling that I

have done something to mark, however feebly, my gratitude for the

infinite enjoyment and instruction which I have derived from his-

plays.
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THE

NASAL KEGION IN EUTAENIA.—
BY A. B. MACALLUM, B. A., High School, Cornwall, Ontario.

The original object of the present paper was a description of the

Organ of Jacobson as it obtains in Entaenia. During the progress

of my studies in that direction, however, new features and modifica-

tions of previously described structures in the nasal cavity, lachry-

mal duct, and on the palatal surface, were observed, and I felt

compelled, in consequence, to abandon that limit, and to include

below a description of the whole Nasal Region.

The material for study consisted of a series of sections from an

embryo-head, 6 mm. in length, of Eutaenia sirtalis, and several

series from the nasal region of adult forms of the same species.

In addition to these, I have examined many of the parts in ques-

tion in fresh state in salt solution, and also when macerated. A
number of macerating reagents were employed, but treatment with

Midler's Fluid and subsequent staining with an alcoholic solution of

Eosin, gave the best results.

I must here express my sincere thanks to Prof. Wright for the

kind advice and assistance received from him on points of this work,

and especially on the Organ of Jacobson, the structure of which I have

studied with him in his own laboratory. I am also indebted to him

for several of the drawings accompanying this paper.

The roof of the mouth in the adult possesses several strongly

marked ridges and depressions. Of the former there are two on

each side of the middle line, that over which the maxilla lies being

the most prominent throughout. It runs parallel with the lip, and

does not unite with its fellow of the opposite side in front. The

palatine ridges commence some distance behind, are parallel to each

other, and bound a depressed palatal surface. Between the maxillary

and palatine ridges of each side lies another longitudinal depression

whose surface is striated, the course of the striation being obliquely
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"backwards and inwards across the axis of the depression. (Fig. 1.)

It is due to a folding of the mucous membrane into crypts. The

middle palatal depression is bounded anteriorly by a raised portion

of the palate from which a crest, large, rounded in front, is continued,

diminishing in height as it proceeds backward. Behind the palatal

depression lies the choanal region, oblong in shape, and much deeper

than the rest of the upper surface of the mouth. It contains the

somewhat crescent-shaped choanae and the choanal cul-de-sac, the

latter to be found between two folds separating the choanae, diverging

and flattening out posteriorly. At a point on the middle palatal de-

pression on each side of the palatal crest, opposite its posterior termina-

tion and adjacent to the palatine ridge, is to be found, in hardened

specimens, a very delicate groove, containing the openings of the

Organ of Jacobson and the lachrymal duct.

The corneous matter covers the edge of the lips to the lateral

"border of maxillary ridge. At this junction of the corneous and

maxillary regions the apertures of the ducts of the upper lip gland

are found.

In a transverse section of the nasal region of the adult, through

the middle of the Organ of Jacobson, the latter is situated immedi-

ately above the palatine ridge and the middle palatal depression on

each side of the middle line, and placed adjacent to the inner wall of

the nasal passage, which is here inclined outward and downward.

Laterally from the Organ of Jacobson and under the nasal passage

lies a cavity with its transverse axis horizontal, which may be termed

the maxillary sinus. Above it Miiller's Nasal Gland covers the

lateral wall of the nasal passage. (Fig. 2, Mg.) Immediately above

the inner corneous portion of each lip is seen the upper lip gland

with several lobules. Below, the maxillary and palatine ridges are

strongly marked, and the middle palatal surface has a distinct crest.

(Fig. 2, m, p, and pc.)

The vomer is double, each half forming a capsule for the inner

and a portion of the under and upper walls of the Organ of Jacobson

of its side, and consisting of three portions, a basal not quite horizon-

tal, a thin vertical plate concave on its outer face, and a cupped

crest. The inner edge of the septomaxillary, appearing in section as

if turned under on itself, rests on the cup of this crest, and the septo-

maxillary is continued from here outwards between the Organ of

Jacobson and the nasal passage. Under the latter, it gives two
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plates, one to proceed down the outer surface of the Organ of Jacob-

son, the other, to proceed in opposite direction, on the outer wall of

the passage and terminate in the middle of its height. The lower

plate is found in other sections to enter the pedicle (Fig. 2, pel,) of

the Organ of Jacobson, and partly fuses there with the basal portion

of the vomer. In the section represented it does not so enter, its

place being occupied by the cartilage which passes out from the

pedicle and lines the outer under face of both plates of the septo-

maxillary, and ultimately in sections behind this reaches the turbinal

ingrowth, with the cartilage of which it unites. (Figs. 2, 3, 4, tb.)

The upper half of the pedicle is tilled with cartilage throughout,

(tb' 2, 3.) The turbinal cartilage extends over the nasal cavity to-

connect in front with the wing of the nasal septum, which terminates-

interiorly with a rounded edge between the cupped crests of the

vomer of each side. (Figs. 2, 3, 4, Sept.),

In a section through the anterior termination of the maxillae, the-

latter with the premaxilla form a horizontal plate with a plate of

cartilage, also horizontal, in its centre. In a section behind this

the cartilage is concave on its upper face, and the osseous

piece above it, is the ascending process of the premaxilla. Below,,

are two basal pieces, not distinctly separated from each other, or

from the maxillae now somewhat laterally. Behind this again the

cartilage takes a U form, the wings of which give off on each side a

nearly vertical transverse plate, forming a prenasal wall, and reach-

ing the cheek in front of the anterior nasal opening. Between the

wings of the main cartilage, now the nasal septum, the ascending

process of the premaxilla extends and forms a vertical plate. (Fig.

6, pra. ) Immediately behind the transverse prenasal wall of each

side, the septomaxillary commences rod-like, and separated from the

similarly shaped vomer by a thin sheet of cartilage continuous with

the transverse prenasal wall. The basal portions of the premaxilla

(prb) do not extend much further behind this point. The septo-

maxillary becomes flattened as it proceeds backward, its transverse

axis directed outward and downward, and applied in this manner to

the wall of the nasal cavity. It is still separated by the cartilage,

above described, from the vomer. When the Organ of Jacobson is

reached, the septomaxillary has acquired considerable thickness and

forms its anterior wall, while the cartilage enters the pedicle, in the

anterior half of which the two mentioned bones fuse, althoiigh incom-
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pletely. The septomaxillary undergoes another change in form at

the hinder half of the Organ of Jacobson it gradually loses the pro-

longation on the outer and under surface of the Organ, which is there

replaced by the vomer. It also rises and becomes more closely applied

to the nasal wall. On the other hand, the cupped crest of the vomer
becomes prolonged outward under the septomaxillary and parallel

with it. This portion of the vomer is much fenestrated to allow a

passage to the Organ of Jacobson for the olfactory nerve bundles.

Below, the basal portion reaches outward, and finally unites with the

superior prolongation on the outer surface of the Organ.

The vomer thus surrounds and envelopes the posterior, as the septo-

maxillary does the anterior, termination of the Organ of Jacobson

behind which it divides into two portions, the inferior quickly dis-

appearing, the superior losing its horizontal process rises, and with

its' fellow of the opposite side forms a capsule for the lower half of

the nasal septum, now oval in section. Approaching the choana of

its side, it descends again to apply itself to its inner wall, and
terminates by sending a plate outward over the choanal roof to unite

with the palatine bone.

As before stated, the wings of the nasal septum pass out over the

nasal cavities down their sides to connect with the turbina] carti-

lages. The latter are provided in their front half with a concavity

on the outer face of each, to which the Nasal Gland of Midler accom-

modates itself. This concavity deepens as the cartilage is followed

backward, the edges approximating and forming ultimately behind a

closed tube, containing a separate portion of the gland. (Fig. 4, Mg'\.

This tube ends blindly with the turbinal ingrowth.

In front a plate of cartilage, continuous with the turbinal, passes

around the nasal opening, and is connected with the transverse pre-

nasal wall. (Figs. 6, 7, nc, nc.) Below, the turbinal is connected

with the cartilage of the pedicle of the Organ of Jacobson by a

narrow transverse plate passing under the septomaxillary. This

transversely directed plate of cartilage is continued backward into

two pieces, which in a transverse section containing the opening of

the Organ of Jacobson are arranged, one immediately under the

outer half of the latter, the other some distance laterally. (Figs. 3,

4, lc' , lc".) These are the lachrymal cartilages, and are described

below in connection with the lachrymal duct.

28
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The nasal bones immediately succeed the ascending process of the

premaxilla. They rea^h down between the wings of the nasal

septum, and do not pass out fai-ther than the superior border of

Midler's Gland. Posteriorly, each have a process directed downward

to unite with the process of the inner edge of septomaxillary, when
the plate of the latter disappears behind. (Fig. 4, na.) This inferior

process is continued into the rostrum of the frontal bone of the same

side.

In the same section as at first examined, viz., that through the

middle of the Organ of Jacobson, the mucous membrane of the roof

of the mouth differs in structure at the following points :

(a) At the inner surface of the lip, where large nucleated cells are

overlaid by a corneous stratum ; the cells at the base, while of the

same size and shape, are more granular in contents.

(/?) In the immediate neighborhood of the furrow, in which the-

ducts of the upper lip gland open ; there the corneous layer is replaced

by flattened, apparently squamous, cells overlying a layer of small

oval cells. This is the structure of the membrane on the middle

palate and in the dental pits.

(y) In the palatine crypts, where goblet and ciliated cylindrical

cells alone are found, the latter being to all appearance the more
numerous.

(6) At the passage from one palatine crypt to another, where the

membrane is formed almost wholly of ciliated epithelium cells, with

here and there a goblet cell.

The furrow to be found limiting the inward extension of corneous

layer of the lip receives at regular intervals the apertures of the

ducts of the upper lip gland. From here the ducts lead upward and

outward and break up into a number of acini. Immediately above

the lobule thus formed are to be found the sections of preceding or

succeeding lobules, three or four in number. The cells of the acini

in the uppermost lobules are of larger size than those of the lower.

The nucleus in each is generally situated in the outer half of each

cell, the contents of which are more or less granular, and slightly

pigmented, giving to the gland, as a whole, a yellowish tinge. When
removed in a state of active secretion, the cells of the gland are found

to be extremely granular. As these approach the main duct they

elongate and become cylindrical. The acini are compressed against,

each other, thus becoming polygonal in section and are separated by

small quantities of nerve fibres and connective tissue.
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The gland extends from the transverse prenasal wall to a point

immediately behind the fleshy union of the jaws. The lobules are

larger and reach higher as they are followed backward.

A large gland fills up the space between the cartilaginous prenasal

wall and the apex of the snout. It is termed the " snout gland," and

and is shown by Reichel to be but a separately developed portion of

the upper lip gland. Its ducts open in the depressions placed

laterally from the head of the palatal crest. This shows it to be a

paired gland, but the acini of lobules from one side are directed ini

every manner amongst those of the other side ; as Reichel

points out, they are quite separate at an early stage. The cellular

structure is very similar to that of the upper lip gland, and possesses

also the yellowish tinge. The lobules reach up nearly to the posterior

end of the ascending premaxilla.

The Nasal Gland of Midler is situated on the lateral wall of the

nasal cavity, from which it is separated by the turbinal cartilage,

and the septomaxillary ; as already described, it conforms itself to a

concavity on the outer face of turbinal cartilage. As the concavity

deepens to form a tube, a portion of the gland is included in it to its

blind termination. It does not reach farther behind than the

turbinal ingrowth, and anteriorly than the Organ of Jacobson.

The duct, however, is continued, first on a level with the tur-

binal ingrowth, then on the lower outer surface of the nasal wall

which position it keeps till it reaches the anterior nasal opening, on

the lower posterior edge of which is found its flask-like aperture.

Fig. 7 is a representation of a transverse section at this point, with

ap the aperture over a broad groove, which in front of this forms the

floor of the nasal cavity.

The cells of this gland are provided with large distinct nuclei and

a protoplasm but little granular and staining very deeply. Their

shape is generally cubical, approaching to cylindrical. The acini are

arranged in horizontal layers separated by connective tissue, nerve

fibres and capillary vessels, and are perfectly circular in transverse

section. The main duct is continued behind, about the centre of the

gland.

The mucous membrane lining the floor of the nasal passage is

folded in a remarkable manner, reaching out into and narrowing its

lumen ; its constituents are ciliated cylindrical cells and goblet cells.

Below these is found a layer of cells whose characteristics change
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with their situation, oftenest of small spherical form and granular

contents.

The olfactory portion of the wall of the cavity may be divided for

the purpose of description as follows :

(a) The mucous stratum, lying adjacent to the cartilaginous plate
;

it is constituted of large pigment cells, nerve fibres and capillaries,

forming a plexus, which surrounds the branch tiibules of Bowman's

glands.

(/?) The sensory stratum, resting on a, which is composed mainly

of the nuclear portions of the sensory cells, arranged in 8-10 layers.

The central processes of these are much more delicate than the

peripheral, and in many places in my preparations are seen to ba

continuous with olfactory nerve fibres. The peripheral processes

exhibit a marked wavy contour, and in specimens, subjected to the

action of Muller's Fluid, appear possessed of granular contents.

Outside and beyond the cells of y, these abruptly become slender,

forming the so called sense hairs, (the Riechharchen of Max Schultze)

directed into the nasal cavity. These, when examined in salt solu-

tion, exhibit considerable movement, their axes becoming every now
and then wavy. At their origins are to be observed delicate swellings.

The nucleus of the sensory cell is perfectly spherical, and, like the

protoplasm surrounding it slightly glanular.

(7) The superficial stratum, composed of cylindrical epithelium

cells with oval nuclei lying between the peripheral processes of /3.

The central ends of these are very delicate, and are not branched. I

have not observed any longitudinal striation on their surface. Form-

ing the outer terminations of these cells and encasing the delicate

swellings of the sense hairs, is seen, with favorable light, a distinct

border structure, corresponding to a membrana limitans olfactoria.

Through this the protoplasm of the cylindrical cells sends out exces-

sively fine cilia which are seen in their entirety in salt solution, but

when macerated, too often form only a granular precipitate at the

border of the cell. They do not reach nearly the same length as the

sense hairs, and exhibit a very slow movement, their axes remain-

ing perfectly straight all the while. Sometimes these are obscured

by the mucous and mucous cells from the adjacent glands.

At the junction of the olfactory with the mucous portion of the

nasal wall a great development of Bowman's Glands is to be observed
;

their size here is extraordinary compared with those of other portions.

They are composed of cells of two forms, those in the depth of the

gland being large and almost spherical. As they approach the aperture

of the gland they gradually become smaller, assuming a rhombohedral

form. The large cells in ordinary stained preparations do not show
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nuclei, but after a stay in Miiller's Fluid the nucleus is found adjacent

to the wall of the now perfectly spherical cell. The opening of the

gland takes place at an indentation on the surface of the membrane.

The following account of the structure of the Organ of Jacobson

based partly on my preparations, was contributed by Prof. Wright

to the Zoologischer Anzeiger (No. 144), and will serve to explain his

figures (Nos. 8, 9, 10) :

"The Roof.—Immediately within the osseous capsule which the

Vomer forms for Jacobson's Organ lies a somewhat scanty mucosa
which is largely occupied by olfactory nerve-bundles : it is more
richly pigmented than the corresponding layer in the nasal cavity, its

blood-vessels are of larger calibre, and it is destitute of Bowman's
Glands. Most of the elements of the mucosa are continued inwards

towards the lumen of Jacobson's Organ between its cellular columns

which are thus isolated from each other by pigmentary connective-

tissue and capillary vessels. Very few of the olfactory nerve-fibres

appear to run in the partitions thus formed, the bundles entering the

outer ends of the cellular columns almost entirely. The capillaries

arrived at the deep surface of the Neuro-epithelium form there a

plexus, the polygonal meshes of which are occupied by the inner

ends of the cellular columns. This plexus obviously corresponds to

that on which the Neuro-epithelium in the nasal cavity rests ; but
there, is no intervening basement membrane, for a reason which will

be presently apparent. The Neuro-epithelium- (inside the plexus) is

only 33 ft high, and the greater part of this belongs to the superficial

stratum (as defined above), while only one or two layers of cells cor-

responding to the nuclear are to be detected. These latter cells,

however, differ in form, according as they stand opposite a node or a.

mesh in the capillary plexus ; in the former case they are shorter

and their deep processes are bent in such a manner as to pass around
the vessel, in the latter case they are more fusiform and they retain

this shape for three or four layers while passing through the mesh
in the corresponding cellular column. With the exception of these

spindle-shaped cells which form their inner ends, the cellular columns
are formed entirely of cells, completely resembling those of the nu-

clear stratum in olfactory epithelium of the nasal cavity ; i. e., they
possess rounded nuclei (6—7 fi X 5 f

1 ) surrounded with very scanty

protoplasm prolonged into processes at either end. The highest,

columns measure about 300 fi.

The Floor.—The following structuresvmay be traced from roof to

floor.

(1) The layer of ordinary cylindrical epithelium cells which are

now only 15 /* high and bear short cilia ; between the bases of these

are wedged small rounded cells forming rarely more than one layer ;

these rest on



398 THE NASAL REGION IN EUTAENIA.

(2) The capillary plexus, which is directly continuous with that

mentioned above ; the rest of the mucosa is occupied by

(3) The abundant pigment cells which spread out at the junction

of floor and roof to surround the cellular columns in the mode de-

scribed above."

Prof. Wright's and my own studies further on the same subject

have'given the foliowins; :

The sensory stratum is divided into (1) the cellular columns

already mentioned, oblong in section in the body of the organ, but at

its posterior termination, polygonal, completely surrounded by the

constricting plexus at all but one point, where their cells pass

gradually over into those of (2) the sensory portion adjacent to the

superficial stratum, and consisting of two or three layers. The

cells of the second portion of this stratum do not exhibit any differ-

ence from the sensory cells of the nasal passage, except that the

nucleus in each and the portion of the cell containing it are more or

less fusiform. In those of the columns, however, the central and

peripheral processes are undistinguishable, so far as shape is con-

cerned, both exceedingly delicate and wavy in their course. When
the columns, macerated in Muller's Fluid, are teased out, minute

portions will be frequently seen through which the delicate processes

pass in every direction. The nucleus in each is large, distinct and

quite spherical, with little protoplasm surrounding it. Through the

point of the connection of the columns with the rest of the sensory

cells, their peripheral processes reach down between the latter to

the lumen of the organ and terminate like them.

The terminations of the sensory cells in the lumen are knob-like

and about one-fourth the length of the sense-hairs in the nasal pas-

sage. With such a length all capability of movement is absent-

There is no swelling to be observed at the base of each.

In the superficial stratum the cells have the same shape as in the

nasal cavity. They are provided with the same distinct border

structure, through which the sensory terminations push. Of any

prolongation of the protoplasm of the superficial cells beyond this

border structure no convincing proof has been met with as yet. In

several cases a faint striation parallel with the cylindrical cell was

observed at its border. This was replaced by a delicate granular

precipitate in macerated specimens. The number of cases in which

such a striation was observed, were few in comparison to the amount

of material examined. It is, however, quite probable that the cylin-

drical cells are provided with cilia as excessively fine as these of the

nasal cavity.

The border structure must be regarded as the homologue of the

membrana limltans olfactoria of the nasal cavity.
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The contents of the nerve-bundles near their origin from the olfac-

tory lobes have a gelatinous appearance, with delicate lines to indi-

cate a division into fibres. Each bundle is provided with a thin

cellular sheath, which in cross sections is seen to strike in to form

still smaller bundles. The fibres which appear moi'e distinctly some

distance down the bundle are non-medullated, but provided with

a distinct sheath in which are to be observed here and there

spindle-shaped cells, giving often the appearance of swellings oh

the course of the fibre. In the immediate neighbourhood of the

sensory stratum either of the Organ of Jacobson or of the nasal

cavity, these appear to be wanting. The diameter of the nerve

threads here compared to those of the bundles farther iip, would seem

to indicate that these are primitive fibrils formed by the division of

the contents of the main fibres. These primitive fibrils, if they are

such, show no varicosities and give no evidence of any sheath like

that possessed by the main fibres beyond having a sharply defined

boundary. These fibrils are seen in such a condition when the sen-

sory cells are pencilled out from cellular columns, leaving only a few

fibrils. They terminate as far as I can make out from my preparations

at the central processes of the censory cell. The process and the

fibril are of equal diameter. In sections from the embryo the fibrils

appear to end in the nuclear portion of the sensory cell, and then a

central process is not percievable. It is impossible to say whether

the latter is a structure distinct from the nerve fibril ; on the other

hand, I have no hesitation in saying that the both are continuous.

The bundles may divide for both the Organ of Jacobson and the

nasal cavity. Those for the former are arranged in a fan-shaped

fashion. The smaller bundles for the nasal cavity strike in at every

ano-le through the mucous stratum, bending around capillaries and

crypts of Bowman till they reach the sensory stratum.

The nasal cavity, in front of its anterior opening, is of the shape

represented in Fig. 6. The groove to be found on its floor here

runs backward through the opening on the cheek posteriorly.

(Fig. 7, gr.) Behind this the passage takes a V form, whose

lumen the turbinal ingrowth tends more and more to diminish,

and is practically divided by it into two channels, one. the upper

nasal chamber, to a great extent lined by the olfactory mem-

brane, and communicating over the rounded edge of the turbinal
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with the mucous or lower nasal chamber, whose size is diminished

by the mucous folds. The inner wall of the mucous chamber runs

into a tube prolonged forward on a level with the Organ of Jacobson,.

and ending blindly immediately behind it. The tube is succeeded

by a groove of the same calibre, which, with its fellow of the opposite

side, narrows considerably the fleshy septum. The canal and groove

are lined with folded mucous membrane. With the termination of

the turbinal the passage becomes smaller and descends to the roof of

the mouth to end in the choanae. These, observed from below, are

slightly crescent-shaped, and are separated by folds (Fig. 1, chf.)

which contain between them the choanal cul-de-sac, ending blindly in

front over the middle palate. The choanal depression is somewhat

narrowed below by a fold on each side from the palatine ridge.

It is necessary to add some further details concerning the general

histology of the nasal cavity, in addition to what is given above, for

one section of it.

In the groove in the floor of its cavity, in front of the nasal open-

ing, the cells of the lining membrane are, passing from its base

upward, oval and granular, then large and polyhedral, and covered by

a layer of flat corneous cells, the latter several layers thick near the

posterior termination of the groove. The whole offers no contrast to

that found just inside the lips, except in the size of its constituent

cells.

The cavity anteriorly to the Organ of Jacobson is very poor in

olfactory epithelium. The mucous membrane is but little folded,

and the cylindrical cells with thick cilia appear to wander into the

olfactory portion.

Above the Organ of Jacobson the mucous folds of the lower

chamber seem to till it out completely, while the olfactory epithelium

does not reach that development which obtains behind. For there

the turbinal is of its greatest transverse length, and its rounded edge,

like the inner and upper walls of the upper nasal chamber, is lined

by well developed olfactory membrane. The superficial and sen-

sory portions of the same are wanting in the floor of the upper

chamber. Coincident with the disappearance of the turbinal

behind, the olfactory epithelium becomes scanty again, and on

the roof and floor of the passage, in the immediate neighbor-

hood of the choana, is replaced by mucous membrane, that lining

the roof abounding in goblet cells, while the majority of the-
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constituents in the floor are formed by ciliated epithelium cells,

which are also abundantly found on the palate immediately anterior

to the choanae. In the choanal depression, minor folds of the mem-
brane are very abundant. The two large ones separating the choanae

enclose a cul-de-sac, whose lining membrane contains a profusion of

goblet cells, which, however, give place to ciliated epithelium cells

at the opening.

The Organ of Jacobson (Fig. 2, J. 0.) is with its pedicle of semi-

circular shape in transverse section, the cellular columns of its roof

appearing to radiate about the crescentic lumen of the canal, and to

form the greater portion of its bulk. These are of greatest

length on the inner and upper side at the opening, behind

which they are found on all sides of the now oval lumen. (Fig. 4.)

The crescent form of the canal in front is due to the growth in-

ward on its floor of a projection from the palate, and filled out

with cartilaginous and parosteal structures as described above. For

want of a better term I have called it the pedicle, (pd.) It bears

a marked resemblance to the turbinal, this similarity heing some-

what strengthened when one considers the connection of their carti-

lages, and that the Organ of Jacobson and the upper nasal chamber

are functionally alike. The inner wing of the lumen of the canal

becomes pi'olonged downward between the pedicle and the basal

portion of the vomer, and opens in the groove to be found on the

border between the middle palate and the palatine ridge. (Fig. 3,

Jop.) This groove can without much difficulty be seen in hardened

specimens, and in fresh ones only when the upper jaws are

pressed upward, thus separating the palatine ridge and middle

palate and exposing the groove. Behind this opening the pedicle

disappears and leaves the canal oval in section. (Fig. 4). On

its further course the columns arrange themselves on its under side,

and are continued for some distance behind its blind termination.

The lachrymal duct opens on the inner wall of the same groove in

which the Organ of Jacobson opens. (Fig. 3, Lop.) It*runs behind

under the organ as far as it is continued behind, when it gives a

sharp turn outward toward the palatine bone. A longitudinal section

of the duct is illustrated in Fig. 11. There a represents the basal

portion of the duct which lies partly under the vomer and partly

beside the palatine bone, and ends blindly behind (b). The main

duct is continued upward and outward over the palatine, where a
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slight prolongation forward is found (c), and which appears in sec.

tion in Fig. 4. A similar prolongation is found on the level of the

turbinal, the cartilage of which furnishes a ledge on which the duct

rests for a short distance, after which it is completely surrounded

by the lachrymal bone for a portion ot its course. As it approaches

the eyeball it lowers to its anterior angle, and takes a sharp turn

inward and upward to terminate in its gland, situated on the inner

surface of the eyeball, and separated from its fellow of the opposite

side by the basisphenoidal rostrum.

The cartilages (Figs. 3, 4, Ic , Ic") which have been termed lachrymal

above, are but backward continuations of the transverse band con-

necting the turbinal cartilage with that of the pedicle of the Organ of

Jacobson. When the lachrymal duct has reached the palatine bone,

they apply themselves to its outer and under wall and fuse, forming

a plate continued behind with the blindly ending basal portion of the

duct. The plate behind the latter becomes flattened horizontally, and

terminates in front of the choana of its side.

The sections from the embryo head reveal some important points

which may be summarized here.

The roof of the mouth exhibits in the main the features of the

adult palate. No glandular structures are present, there being but

an involution of the lining membrane to form, the future upper lip

gland. (Fig. 5, gl.) The opening of the Organ of Jacobson is situated

in the groove to be found laterally from the choanal depression.

The Organ of Jacobson has the same form as in the adult. The

cellular columns number about twenty in each section, while in the

adult the number reaches sometimes as high as sixty. But the

remainder of the roof, of which they are the constricted portions, is

much thicker, and in it 8-10 layers of cells may be counted. Neither

these nor those of the columns are possessed of peripheral processes,

•at least such are not demonstrable. Fibres arising from the inner

surfaces of the olfactory lobes pass down the sides of the septum,

'enter the outer ends of the columns, and terminate at its cells. The

whole roof does not exhibit, in addition to the division into columns,

any difference from that lining the upper nasal chamber. Its floor

is lined by two layers of interfitting columnar cells.

The continuity of the cartilage of the Organ of Jacobson with that

of the nasal cavity, which only a study of many sections of the adult

shows, is demonstrated by oue, or at most two sections, from the
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embryo head. Fig. 5 is a representation of one of these. The carti-

lage there seen on the lateral wall of the upper nasal cavity passes

down into the turbinal, bends and forms a loop, which is the origin of

the closed turbinal tube containing in the adult a portion of Midler's

Nasal Gland. It is continued downwards, and after giving off a thin

sheet, which is deflected between the Organ of Jacobson and the nasal

wall, the main portion reaches the maxillary cartilage, bends horizon-

tally inwards to the pedicle of the Organ of Jacobson, where it turns

upward and ends in a thickened rounded edge. I have not found

any thin plate separating the nasal wall from the Organ of Jacobson

in the adult.

EXPLANATION OF PLATE I.

.Figs. 1, 8, 9, 10 were executed by Prof. Wright. The others were drawn by

myself from photographic representations or by means of the

camera.

GENERAL.
'Ch. . . Choanae.

•Chf. . . Choanal folds.

Mdp. . . Middle palate.

M. . . Maxillary ridges of the palate.

P. . . Palatine ridges bounding the middle palate.

Pc. . . Longitudinal crest of the middle palate.

Pa. . . Palatine bone.

Mx. . . Maxilla.

<Gls. . . Upper lip gland.

Mg. . . Lateral Nasal Gland of Mltller.

J. 0. . . Organ of Jacobson.

J. C. . Canal of the Organ of Jacobson.

Pd. . . Pedicle projecting into the floor of the Organ of Jacobson.

Vo. . . Vomer.

Tb. . . Turbinal cartilage.

Tb'. . Cartilage of the pedicle of the Organ of Jacobson.

.Sept. . . Nasal septum.

.Spx. . . Septomaxillary bone.

Spx'

.

. . A portion of the vomer replacing the septomaxillary.

Na. . . Nasal bone.

Pra. . . Ascending process of the premaxilla.

Lc', Ic". . . Lacrymal cartilages.

Lop. ... Opening on the mouth of the lachrymal duct.

Lc . . Lachrymal duct.

Op J. . . Groove into which the canal of the Organ of Jacobson opens.

Olf. . . Olfactory lobes.
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JVc, nc' . . Cartilage surrounding anterior nasal opening.

Tr. . . Transverse plate of cartilage passing from the pedicle of the

Organ of Jacobson to the turbinal cartilage.

Unc. . . Upper nasal chamber.

Lnc. . . Lower nasal chamber.

Fig. 1.—A view of the roof of the mouth in Eutaenia sirtalis ; several times

magnified.

Fig. 2.—A transverse section of the nasal region through the middle of the

Organ of Jacobson. x 20.

Fig. 3.—One half of a transverse section of the nasal region through the

openings of the Organ of Jacobson and the lachrymal duct.

x20.

Fig. 4.—A transverse section some distance behind that represented in

Fig. 3. x 20.

Fig. 5.—One half of a transverse section of the nasal region of an embryo

head 6 mm. in length of Eutaenia sirtalis. x 50.

Fig. 6.—A transverse section of the nasal cavity anterior to the external

nasal opening. x 30.

Fig. 7.—A transverse section of the nasal cavity containing the aperture

of the duct of Miiller's Nasal Gland. x 30

Fig. 8.—A portion of a transverse section of Organ of Jacobson in an adult

Eutaenia ; ./. C. the canal of the Organ separating roof and floor
;

a, capillary vessel descending between columns, one of its

branches passing to the left around the point of passage of the

censory cells adjacent to superficial cells over into those of a

column. Separating the columns also is seen pigmentary tissue.

Above, the mucosa contains a nerve bundle cut across and a

large capillary. x 250

Fig. 9.—A portion of the foregoing

—

a, superficial cells ; the peripheral pro-

cesses of the sensory cells pass down between them and through

the "border structure" ; b, sensory cells opposite a node (d) of

the capillary plexus ; c, those opposite a mesh of the same and

passing over into b' those of the columns. (The outer ends of

the sensory processes and of the superficial cells are represented

diagrammatically.

)

x 700

Fig. 10.—A transverse section of the posterior ends of the cellular columns

of the Organ of Jacobson in an embryo Entssnia. The plexus

separating the polygonal areas is not shown. x 200

Fig. 11.—A longitudinal (diagrammatic) section of the lachrymal duct; a,

the basal portion found under the Organ of Jacobson and con-

tinued into b, ending blindly ; to the walls of this latter the

fused lachrymal cartilages are applied ; c, a swelling of the

lumen of the duct over the palatine bone ; d, the portion on a

level with turbinal. The gland is supposed to be seen through

the eyeball.

Note—In the figures the shaded portions represent membrane bone, while the dotted pro-

tions are intended to designate cartillage.
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THE PEAIEIE CHICKEN,
OR SHARPTAILED GROUSE.

(Pedioecetes PhasianellnsJ. (Baird).

BY ERNEST E. T. SETON.

For brevity I may describe it as a grouse, mottled above and
white below, pretty much like all the family, but unlike in having

the tail feathers very stiff and so short that the upper coverts ending

in^, a point project beyond the quill feathers. Hence the name
" Sharptail," or more commonly " Pintail," though throughout this

country it is most known as the " Prairie Chicken."

To avoid that most tedious and thankless task, a detailed verbal

description, I forward herewith a stuffed specimen, a female, but there

is little difference between the sexes. The males have bright yellow

bare skin over the eye (not red, as say Wilson and Audubon), and on

each side of the neck a bare airsac, blue, and about the size of a

pigeon's egg. These connect with the mouth, for they can be in-

flated by blowing down the throat. "When the bird is quiescent

they are merely sunk under the surrounding feathers, which are not

in any way specially developed to hide them, as in the Ruffed and

Pinnated Grouse. In the breeding season they are in a state of

chronic inflation and brilliancy.

The females differ only in having their bare skin ornamentations

much less (not absent, as I have seen stated). The young of both

sexes are indistinguishable from the female or the male in non-

breeding season, except that they are a little smaller, and have the

hair-like feathers on the feet shorter and more marked with dusky.

In the feathering of the legs this grouse comes just between the

Ruffed Grouse of the South and the Ptarmigan of the North, as

does the bird itself geographically. The feathering stops at the

base of the toes, but by reason of its length the toes are half hidden.

Their toes, as in all grouse, are notably pectinated. Not having

heard of any use for these combs, I append a few observations. In
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early spring they begin to drop off, just an odd one adhering here

and there. In a week or two they are all gone, and during the

summer the toes are clean and smooth. After the second or third

week of the young one's lives, (that would be mid-August or earlier)

both young and parents begin to show a row of growing scales along

each toe. These grow with the growth of the chicks, and by October

the birds are full grown, as are their toe combs and those of the

parents. Then, since these combs exist only in winter, it is natural to

suppose they are meant to act as snowshoes, and to stay the bird from

slipping on the crust and icy limbs of the frees whose browse forms

its winter food. These snow combs continue in perfection during

the six months of winter, but with the first return of warm weather

they are shed.

The tail feathers, of which I have already spoken, are worthy of

notice. They are exceedingly stiff and I may say sonorous. When
the male is strutting before the female, or when either is shot and

dying, the tail is rapidly opened and shut, the stiff quills making a

loud noise like a porcupine's quills, or like shaking a newspaper.

The muscles for expanding the tail seem to be very largely developed-

The chickens winter in the dense bush, but in spring, ere yet the

snow is gone, they scatter over the prairies, where alone they are

found in summer. They are now very shy, for only the shy and

wary ones have successfully run the gauntlet of such winter hunters

as owls, foxes, wolves, martens, Indians, etc.

Their advent on the still snow-covered plains might be reckoned

premature and fatal to many, but they find a good friend in the

wild rose. It is abundant everywhere, and the red hips, unlike

other fruit, continue to hang on the stiff stems, high above the

damage of wet and earth. It grows most abundantly on the high

sandy knolls, where the snow is thinnest, so here the grouse meet

and are fed. In this section of the North-West stones or gravel are

almost unknown, so birds requiring such for digestive purposes

would be in a dilemma, but that the stones in the rose hips answer

perfectly, thus the hip supplies them with both millstones and grist

at once, the flesh at the same time receiving a most delicate flavor.

While from the same cause the gizzard of a newly-killed grouse is of

a most pleasing odor of rose.

It is difficult to over-estimate the importance of the rose to this
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and other birds. I append a table of observations on the crops of'

grouse. I regret that it is not complete for the year :

—

April Rose hips, birch and willow buds.

May " sand flowers, etc.

June " grass and various.

July " stargrass seed, etc.

Augiist " grass and various berries.

September " " " "

October " grass, berries, etc.

November " Arbutus berries, browse, etc.

December " Juniper " " "

January " browse and equisetum tops, etc.

Februaryand March. . Not observed.

This is, of course, a mere list of staples, the grouse being quite-

omnivorous, but throughout I foxmd, that, of their food, hips formed
' a large part, for they are always attainable, even in winter, through

their two valuable qualities, of growing where the snow is thinnest

and not falling when ripe.

After the hips, their most important food, in May, is the sand-

fiower, which whitens the prairies with its millions, spreading from

the great lakes to the Rockies. This plant is for the time the food of

all creatures, the grass not yet being grown, so on it buffaloes, deer,

horses, cattle, crane, grouse, geese, gophers, and all but carnivorous

animals subsist. The receptacle is large and fleshy and apparently

very nutritious. To the taste it is very pungent, so it may hasten

the breeding season of the grouse, etc.

During spring and summer the grouse are assembled every morn-

ing on the top of some chosen hillock in companies of half-a-dozen

or more. Here there is a regular performance called " Partridge

Dance," the birds runniug about, strutting and crowing in an

extraordinary manner. I refer the reader to Wilson, as his account

thereof is more detailed than any I can give. I may state, however,,

that he says these dances terminate when all are paired, whereas I

find them to continue until the young ai-e hatched, and, indeed, I

begin to have little faith in the pairing at all, as this " hillock dance"

appears to be the common nuptials of the tribe, and it is difficult to

see how the males and females can both be there (the males are

most indefatigable in their attendance) if the males have anything

to do with the eggs.
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During the dance, the males strut as do most gallinaceous birds,

with feathers all erect, the wings spread (not touching the ground),

tail spread and upright, the head nearly touching the ground, the

sacs on the neck inflated and displayed to their utmost ; thus the

bird runs a few yards uttering a sort of bubbling crow, which

sounds as if it came from the air-sacs ; after this they relax for a

few moments, then repeat the performance ad lib. When disturbed

they immediately take wing and scatter (not hide in the grass

(Wilson), uttering as they rise a peculiar vibratory " cack," " cack,''

" cack," almost like a cough. This is nearly always uttered simul-

taneously with the beats of the wings, and so rarely heard except

then that I at first supposed that it was caused by them, but since

have heard the sound both when the bird was sailing and on the

ground, besides seeing it whirr up without the note. They have

also a peculiar call note, a whistle of three slurred notes. In the

fall their common note is a sort of whistling grunt, which is joined

in by the pack as they fly. The " crow" is heard only in spring,

the grunt only in fall, but the cackle and the whistle always.

Their flight is very strong and rapid, so much so that they can in

winter escape by flight from the white owl. When sprung they rise

with a loud whirr, beating rapidly but soon sail, flying and sailing

alternately every fifty or one hundred yards.

The hen nests in the long grass tangle, generally near cover or on

the edge of timber. The nest is a slight hollow arched over by the

grass, lined only with a few straws. She lays eight to sixteen eggs

no larger than those of a pigeon. Just before being laid they ai'e of

a delicate sky-blue, on exposure they soon become a deep chocolate

with a few dark spots. In a fortnight they are gradually changed

to a dirty white, partly by bleaching, partly by the scratching of the

mother's bill in turning them. Common as addled or infertile eggs

are in the barnyard, I never in nature found more than one, and

that was of the present species. I found the nest in June ; it had

eight eggs (less than the complement) ; I left it untouched, and

some weeks after returned to find all had hatched but one ; this, on

inspection, proved to be non- fertile. Assuming that they really and

faithfully pair, it is accountable by supposing that the male was

killed and the female laid her last egg unimpregnated and carried

out her duties alone.
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The young are hatched in about twenty days (?) and are covered

with yellow down. From the first, like all their kind, they are

strong and able to help themselves. By about the tenth day,

though still weighing under two ounces, their wings are large and

strong, so that when the startled mother rises with a "whirr" there

are a dozen little " whirrs," and away she flies followed seemingly

by a flock of sparrows, but they are only her young, still clothed in

the yellow down all except the wings which shew the long strong

quills of flight. When half grown they are readily mistaken for

young turkeys. At about two months they are full grown but still

with the mother. At this time the family generally numbers from

four to six or eight individuals, but the average number of eggs is

about twelve, so we can imagine the numbers that fall victims annually

to their natural enemies. It is noticeable that all summer I never

found grain in their crops, so that they cannot be injurious to stand-

ing grain ; indeed, I have never seen them in it. But now that the

young are grown, they find their way to the stacks so regularly and

pertinaciously that they form a considerable item in the autumn

dietary of the farmer, while they can only damage the grain that is

exposed on the very top. They continue on the plains and about the

farms until the first fall of snow, which immediately sets them

en masse to the timber. In summer they rarely perch on trees (even at

night, for they sleep squatting in the grass), but now they make them

their favorite stations, and live largely on the browse there gathered.

This is the time for the sportsman, for they are fat and well flavored.

Any small clump of birch or willow is sure to contain some dozens

every morning. As the winter advances, they cease to come on the

plains, their haunts then being sparsely timbered country, especially

if sandy and well supplied with rose bushes. They now act more

like a properly adapted tree-liver than a ground-dwelling " Tetrao,"

for they fly from one tree to another, and perch and walk about

the branches with perfect ease, seeming to spend much more time

there than on the ground. When in a tree they are not at all

possessed of that feeling of security from all hunters, which makes

the " Ruffed Grouse" so easy a prey to pot-hunters, when so situated

the "Pintail" on the contrary is very shy and disposed to fly at

150 yards.

Like most wild animals, they have a foreknowledge of storms, and

when some firewood hunter returning from the woods reports that

29
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" the chickens are going into the bush," i. e., leaving the open timber

and going into the dense fir coverts, the hearers make ready for a

severe storm.

Like most of the grouse family, this in winter spends the night in

a snow-drift. Out on the plains the wind has pounded the snow into

drifts of ice-like hardness, but in the bush it continues soft (this

very softness affords another security to the chickens, through its

causing the wolves and foxes to quit the bush for the winter though,

they live there by preference the rest of the year.) In the evening

the chickens fly down either headlong into a drift, or run a little

then dive. Each makes his own hole. They generally go down six

inches or so, and then along about a foot. By morning their breath

has formed a solid wall in front of them, so they invariably go out

at one side. In Ontario, the non-conductive power of snow is not as

likely to be manifested as here, so to illustrate : For weeks, the

thermometer being at 20 below zero F.) six inches of snow on one-

quarter inch of ice kept the water beneath above 32° F. Without

the snow the same ice increased in a day to a thickness of two-

inches. Likewise, under 10 inches of snow the ground continued

unfrozen after the thermometer had for a month ranged from zero to

40 below. Thus we can readily understand that under six inches of

snow and one inch of feathers the chickens do not mind even 50

below zero. The great disadvantage of the snowbed is that they are

so liable to become the prey of foxes, etc., whose sagacious nostrils

indicate the very spot beneath which the bird is sleeping I am
almost inclined to think thac this is the only way in which a fox has

a chance of securing an old chicken, so wary are they at all times..

As the winter wanes it is not uncommon for the land to be visited

by a fall of snowy sleet; this drives the chickens at once into the

snow drifts, and as the sleet freezes it imprisons them and in this

way very many perish. In the spring ^the melting snows leave them

exposed, but they are now little else than bones and feathers. There

is little else to note about the bush or winter half of their lives. By

spring, many of them, by continually pulling off frozen browse, have-

so worn their bills that, when closed, there is a large opening right

through near the end. As the winter wanes, with their numbers

considerably reduced, but with the fittest ones surviving they once

more spi'ead over the prairies, at first, in flocks, but soon to scatter

and enter on their duties of reproduction.
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There is another heading under which to discuss the Prairie

Chicken, viz., its fitness for domestication. An apparently necessary

and most profitable adjunct of every farm is a stock of poultry.

But my experience with four varieties of poultry goes to shew that

the winter here is far too severe ; late chickens are sure to die, while

old ones are almost sure to be badly frost-bitten about the head the

first winter, and even lose their unprotected toes and legs in the

same way. Their feathers, for want of the regular dust bath, etc.,

become very deplorable and stick so in points and lumps that they

lose half their non-conducting power. From this it is evident that

the farmer wants a fowl that is without such unnecessary and deli-

cate appendages as combs and wattles, has its legs and feet well

protected from the frost, is able to stand any amount of cold, having

feathers of duck-like density. The abundance of hawks renders it

also desirable that the bird be inconspicuous, not bright colored or

white like the common fowls. All this seems to point very clearly

to the Prairie Chicken. In addition to these it has the great

advantage of maturing early ; in ten weeks a Prairie Chicken is

full grown, while a common fowl takes thrice as long. The grouse

weighs only about three pounds, yet it yields more solid meat than a

five-pound chicken, and it can fatten on what the chicken will scarcely

look at, having also the advantage of being able to take at one meal

enough to last it all day, if necessary, such is the size of its crop.

Its flesh is of a most delicate flavor, no barn-door fowl being at all

to be compared with it, though this might be one of the fii-st things

to be lost in a state of domestication.

I cannot say I know it to be capable of domestication ; indeed I

know one man who kept one six months, and at the end it was as

wild as at first, but this was caught when full grown. Yet Audubon
tamed the Pinnated grouse with little trouble, as did Wilson the

quail. And I have little doubt that in a generation or two this

would become manageable. The number of eggs laid would, doubtless,

increase if eggs were cautiously removed, though, I confess, I found

them rather jealous, for, on taking six eggs out of a nest of fourteen,

the rest were deserted. These six eggs were hatched by a hen, but

earlier than her own eggs, and I found the young grouse all

crushed. Wilson says, all attempts to raise the young have failed

probably for want of proper food. Perhaps he is right. The situa-
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tion of the Prairie Chicken's nests here, together with what little I

know of the mode pursued in the Old Country for raising young

pheasants, induce me to believe that young Prairie Chickens could

be successfully reared in a paddock, with a dry sandy soil and plenty

of anthills and rose bushes. Ants and ant eggs are the best of food

for these delicate creatures.

It is hardly likely that any Manitoban farmer will try to domesti-

cate them, when they are abundant in their wild state, especially as

they cannot be expected to compete with the common fowls as egg-

producers. It is also extremely unlikely that they will ever be killed

out, for notwithstanding the absence of respect for game laws, even

in the old settled districts the chickens are as thick as ever, for there

is all over a great deal of land that will never be brought under

cultivation and it is exactly suited to the chickens.

Yet I think the experiment worth trying, and if any of the

gentlemen of the Society have a suitable piece of ground and

inclination to take the trouble, I will endeavor in the spring to find

him the necessary stock to start with.

February, 1883.
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BIOLOGICAL

STUDY OF THE TAP WATEE
IN THE SCHOOL OF PRACTICAL SCIENCE, TORONTO.

BY GEO. A C H E S O N, M. A.

Science Master in Toronto Collegiate Institute.

The object of this paper is to give the results of investigations

into the biological nature of the suspended matter in the tap-water

of the School of Practical Science. No pretence is . made of being

exhaustive, for the work has only been carried on at intervals, and

observations for any definite length of time have not been continu-

ous. The results therefore are fragmentary, but may serve as a basis

for future and more extensive research. A thoroughly systematic

examination of the water should include not merely the determine

tion of the animal and vegetable species which are to be found in it,,

but the physiological influence which these organisms exert, and

their importance from a sanitary standpoint. This subject accord-

ingly may be dealt with from both a morphological and a physio-

logical point of view. It is with the first of these aspects only that

the present paper is concerned. In regard however to the physio-

logical and hygienic aspect it may be briefly observed, that the

purity of water does not depend merely on the quantity of organic

matters which it contains ; for, if these be living vegetable growths

containing chlorophyll, they have a beneficial influence on the water,.

by supplying oxygen to it and removing carbon dioxide, provided, of

course, that their presence in large quantities does not counterbalance

their salutary effects. On the other hand, there are oi'ganisms

which, even if present only in small numbers, exert a very prejudi-

cial influence, and which, if undoubtedly recognized as constantly

occurring, should mark a water as unfit for use.

To obtain matter for examination two methods may be employed..

One is to tie a muslin bag to the tap and allow the water to run in

a slow stream for a few hours ; then, taking off the bag, rinse it in

a small quantity of water, which, on being allowed to settle for a
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few minutes, will afford an abundant supply of sediment. The other

plan is to open the tap to the full extent and allow it to run for a

short time, so as to stir up whatever sediment may be in the pipe
;

then a tall glass cylinder is tilled, and a watch-glass attached to a

piece of platinum wire, by which it can be raised, is let down to the

bottom of the vessel. The whole lightly covered is put aside for 24

houi-s to allow it to settle, and after this the water is siphoned off

almost down to the watch-glass, which can then be raised without

disturbing the sediment which it contains. This latter method

possesses the advantage that the same quantity of water is always

taken, and thus the amounts of sediment at different times can be

compared ; while it is almost impossible to fix a tap to run continu-

ously at a given rate, owing mainly to variation in the pressure of

the water in the pipes.

A little of the sediment obtained in either of these ways was

transferred by a pipette to a slide, and examined with a »Hartnack

Objective No. 8 and No. 4 Eyepiece. This combination has a

magnifying power quite high enough for diagnosing the most of the

forms ; though on one or two occasions a No. 10 Immersion was

used.

The actual amount of suspended matter present in any definite

quantity of the water varies very considerably, and depends upon

several conditions, among which some of the most noticeable ai'e the

season of the year, the amount being greater in winter and spring

than at any other time ; the prevalence of stormy weather ; the

quarter of the city from which the water is taken ; and the tap

itself ; for, if the water be drawn from a pipe which is seldom used,

it is sure to contain more sediment than that from one in constant

use, as it settles when allowed to rest for some time. There is no

doubt also that organisms are often found in the mains which are not

found in water taken directly from the lake. This, together with the

fact that the number of individuals of some species is greater in the

water of the mains than in that of the lake, may be explained on

the supposition that the former habitat affords them a better food-

supply, consequently they multiply more rapidly. Tne exclusion of

light also seems favorable to the development of certain forms.

Another marked result of these investigations has been the conclu-

sion, that many of the forms seem to have a preference for certain

times of the year, being much more abundant then than at any other
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time ; but the exact haiwest time of each particular form has not

been accurately determined, since the observations have not been

sufficiently close. For the same reason, although the comparative

frequency of most of the forms met with can be indicated gene-

rally, their relative abundance or scarcity at any particular time

cannot be stated with any degree of accuracy.

To the foregoing general remarks is now added an enumeration of

the different organic species which from time to time I have found in

the tap water of the School of Practical Science, with brief notes on

some of the more interesting forms, and a more detailed account of

>one or two which I believe to be hitherto undescribed.

DlATOMACEAE.

The Diatoms are noticed first because by far the greatest part of

the sediment consists of them, and because in the number of species

they greatly exceed any other group. The diagnosis of species unless

one is a specialist in this department of microscopy, is not a very

easy matter, especially if the literature to which one has access is

not very extensive. Accordingly a slide was prepared and sent to

Prof. H. L. Smith, of Hobart < 'ollege, Geneva, N. Y., who kindly

named the following species :

—

Melosira Crotonensis, Tabellaria fenestrata, Cyclotella Kutzingiana,

Cyc. operculata, Cyc. astrea (a variety of Stephanodiscus Niagarae),

Stephanodiscus Niagarae, Fragillaria Crotonensis, Frag. Gregoryana

( = Dimeregramma Grunow), Frag. Capucina, Synedra radians,

Synedra longissima, Synedra ulna, Cocconema parvulum, Cog. cymbi-

Jorme, Coc. gibbum, Cymbella dieephala, Naviada radios", Nav-

carassius, Nav. Rheinhardtii, Nav. Saugerii, Nav. cryptoa-phala,

Nitzschia lineata, Surirella pinnata, Sur. lineata, Cocconeis Thwaitsii,

Coc. placentula, Gymatoplenra ( Sphinctocystis) solea, Pleurosigma

Speneerii, Gom)>honema tenellum, Gomph. acuminatum, Gomph. con-

strictum, Gomph. sp. ? Amphiprora ornata, Odontidium mutabile, and

Encyonema caespitosum.

In addition to the above the following have also been noticed :

—

Tabellaria floculosa, AsUrionella, formosa, Meridion constrictum,

Actynocyclus Niagarae, Nitzschia sigmoidea, Tryblionella gracilis,

Epithemia turgida,, Cymatopleura (Sphinctocystis) elliptica, Eunotia

didyma, Melosira varians, and Melosira dentat'i, n. sp., with charac-

ters as follows :—Filaments, slender ; frustules, scarcely twice as
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long as broad, divided in the centre by a double line ; extremi-

ties of the cells dentate; breadth, 0-0075 mm. —0-009 mm. Fig. 1.

The two species, Rhizosolmia Eriensis and R. gracilis, are also

present, the former always and the latter quite frequently. As R.

gracilis has only lately been described by Prof. Smith, by whom it

was first discovered in filterings from the Niagara River water supply

at Buffalo, its characters are appended :
—" Frustules small, slender,

round or but slightly compressed ; annuli, obsolete ; body, smooth
;,

fifteen to twenty times as long as broad ; imperfectly siliceous; calyptra,

conical ; bristle fully as long as the body, or longer ; often slightly

curved, and, with the calypti^a, rigidly siliceous ; length, "004"

—-008"." It can be readily distinguished from R. Eriensis by its

curved bristle, and by the absence of the markings which are so

characteristic of the latter species.

It might be observed here in passing that the above are the only

two fresh water species of Rhizosolenia as yet known, all the others

being marine. The presence of these two species, together with

others of genera, such as Stephanodiscus and Actynocyclus, mostly

marine, would seem to point to the fact of the connection at one'

period of the great lakes with the ocean, and the survival of a few

marine or brackish forms, which have been able to accommodate

themselves to the altered conditions of their habitat.

Desmidiaceae.

Desmicls as far as at present known are all inhabitants of fresh

water, and, as stated by Wood in his " Fresh Water Algae, ".-prefer

" that which is pure and limpid." They have been found in stagnant

water, but never in that actually putrid. Next to the Diatoms they

are the commonest vegetable forms to be found in the filterings from

our water supply, and they seem to be most plentiful in the latter

part of winter and during spring. The commonest representatives

of this family are several species of Closterium, some of which I have

not been able to determine.

In every gathering are to be found considerable numbers of a

form which is figured by C. M. Vorce in a paper on the " Microscopic-

Forms observed in the water of Lake Erie," and called by him Glos.

Venus, but which is much smaller than the form described by Wood
under this name, the diameter as a general rule being not more, and

often less, than 0-0031 mm. ( = 0-00015"). In shape they vary
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considerably, being more or less Innately curved, semi- circular, bent

into a loose spiral, or sometimes resembling very much a pair of

cow's horns; extremities greatlv attenuated. On one or two occasions

a larger form was observed, which agreed very closely in characters

with these smaller ones. The frond was lunately curved, varying to

sigmoid or spiral ; distance between the extremities about 30 times

the breadth ; upper margin very convex, lower very concave ; no

central inflation ; tapering gradually to an acute point at the

extremities; contents granular. Diam. 0-0038 mm. ( = 0-000155").

Habitat, Lake Ontario, Fig. 2.

In one gathering a fine living specimen was noticed which in

most of its charactei*s seemed to approach more nearly to Clos.

parvulum, Naegl., than any other, though in some respects it resem-

bled Clos. Venus as described by Wood. In size however it differed

from both of these. The diameter was found to be 0*0186 mm.

( = 0*00074"), and the length about 8 times as much. The measure-

ments given by Rabenhorst for Clos. parvulum are diam. max.

0*00026"—0*00062", and length 6-8 times as much ; and according

to Wood the diameter of forms referred by him to this species is

0*0008". Clos. Venus has a diameter of 0-0004', and is 8-12 times

longer than broad. The general appearance of the form was very

similar to that of Clos. parvulum as figured by Wood, and as the

actual size of any species can hardly be regarded as fixed within

narrow limits, it has been referred to Clos. parvulum.

Another interesting form which is nearly always present approaches

in some respects the description of Clos. setaceum, but is not accurately

described in any work at my command ; accordingly I propose for

it the name Clos. filiforme, with specific characters as follows :

—

Closterium filiforme, n. sp. Frond very slender, greatly elongated,

each extremity being a colourless beak as long, or nearly as long, as

the body * filiform, cylindrical, smooth, not lunately curved, belly

not inflated, gradually attenuated towards the apices, which are

rounded and slightly curved downwards ; vacuoles 3-8 in each limb

in a single series. Breadth 0.0062 mm- ( = 0-00025"), length

0*4154 mm.—0*62 mm. ( = 0*0166''—0-025";, or say 60-100 times-

the breadth. Habitat, Lake Ontario, Fig. 3.

Clos. Grijfithsii has also been observed. Other Desmids were

Staurastrum f/racile, Staur. punctulatum, and a species of Gomxa/riwnw

probably Cos. cucumis.
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Other Chloropliyllaceous Algae present were Protococcus sp. ?

ChlorococcuB sp. ? diam, of cell itself being 0-0176 mm., and of

cell together with its hyaline coat 0-0264 mm. Ankistrodesmus

{Rhaphidiuwb) fcdcatus, Scenedesmus quadricauda, Pediastrum sp. ?

Pediastrum Boryanum. The forms included in this latter species

vary somewhat from the description given by Rabenhorst and Archer.

The coenobium is circular in outline, cells in a single stratum,

arranged in three rows round a central cell (1 + 4 + 10 + 15);

inner cells variable, 4-6 angled, concave at one side
;
peripheral cells

convex on the inner side, on the outer side notched and tapering into

two long subulate points. Diam. of peripheral cells 0-0065 mm.

( = about Tihns")-

I have also seen another species of Pediastrum, which is not

described in any work to which I have had access. The cells are in

a single stratum, and in two rows round a central cell (1 + 6 + 12) \

inner cells polyhedral, 4-6 angled
;

peripheral cells pentagonal

;

external angle produced into a single process about as long as the

diameter of the cell. Diam. of coenobium 0-0434 mm. ( = 0-00173"),

and of peripheral cells 0-0124 mm. ( = 0-0005").

Spirogyra sp. ? Sterile joints 10 times as long as broad ; spiral

single with 4 turns; cell wall at each end produced. Diam. 0-0124

'mm. ( = 0-0005"). Fertile joints not observed.

Phycochromaceae.

Belonging to the Phycochroms there were a few forms observed,

viz. :

—

Gleocapsa sparsa, which is probably only a zooglaea stage of

Sirosiphon ; Merismopedia nova- (sp. ?) ; and at least two species of

Osoillaria, which have been referred to Os. nigra, Vouch, and Os.

chlorina, Kiltzing, the former being quite common during the month

•of March, more so probably than at any other time.

SCHIZOPHYTAE.

Under the name Schizophytes are included all the organisms com-

monly known as Bacteria, together with a few parallel green forms,

multiplying chiefly by transverse fission, though in some cases spores

are formed. These organisms at best have but a doubtful reputation

;

and if Intermittent and other malarial fevers, Anthrax, Diphtheria,

Septicaemia, Pyaemia, Tubercle, and other virulent contagious dis-
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eases are produced directly by these forms, it is quite proper that

we should be very careful that the water we drink is free from them

if possible. If we look for natural water however which is absolutely

free from Bacteria, probably we shall look in vain. But we must

remember chat all forms of Bacteria are not capable of producing

disease, even if some are, or at any rate that they do not do so under

ordinary circumstances, but only in particular and well-marked con-

ditions of the organism or organ attacked by them. We must not

be surprised then to find Bacteria in our water supply. I have

observed even in fresh filterings all the common forms, micrococci,

rod-like forms, vibrios, spiral forms, and zooglaea stages. But if the

filterings be allowed to stand exposed to the air for a few hours, it is

amazing how rapidly they increase in numbers, and after a day or

two the whole becomes converted into one mass of Bacteria in all

stages, growing at the expense of the other oi-ganisms, and eventually

leaving nothing but the siliceous frustules of Diatoms, and whatever

other matter like this defies their digestive power. Probably there

is no place where they thrive better, and where they exist in greater

numbers, than in the School of Practical Science ; for they are

.certain to be found there in everything which is not positively

^destructive to them. There is no doubt then that their presence in

such abundance in sediment which has been allowed to stand for

?some time exposed may be in great measure accounted for by germs

.getting into it from the atmosphere, as well as those already there

multiplying.

Adopting the view held by Billroth, Nageli, Cienkowski, Ray

Lankester, and Zopf, that all the forms usually described under the

generic names Micrococcus, Bacterium, Bacillus, Leptothrix, Clado-

thrix, Vibrio, Spirillum, Spirochaete, &c, are only development

stages of Schizophytes, in opposition to that of Cohn and others,

that they are distinct species without morphogenetic connection, all

the forms observed have been referred to the two species, Gladothrix

dichotoma, Cohn, and Beggiatoa alba, Vauch.

Concerning the first of these two Zopf remarks, that " what the

common bread mould (Penicillimn crustaceum) is among the aerial

mould fungi, G. dichotoma is among the aquatic fungi, and therefore

it might be quite properly denominated the 'water-fungus' (' Was-

serpilz') par excellence."
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There are Leptothrix forms besides the ordinary Cladothrix

filaments, which, by the breaking np of the threads, produce micro-

cocci and rod-like forms. The cocci are circular in outline, and have

a diameter equalling, or at most double, that of Micrococcus pro-

digiosus, Cohn. In from 24 to 48 hours these micrococci develope

into rod-like forms (Bacterium, Bacillus), which again give rise to

Leptothrix, and by branching to Cladothrix filaments. These

filaments are often rolled into a loose spiral, and these spirals give

rise to Vibrios, Spirillum—and Spirochaete— forms. All the forms

already mentioned may pass into a zooglaea or resting stage.

Beggiatoa alba goes through pretty much the same modifications.

There are Leptothrix-like filaments of considerably larger size than

those of Cladothrix dichotoma, Bacillus, Bacterium, and Micrococcus

forms. Spiral forms are also developed, which however I have never

seen in any of the sediment I examined, all the spiral forms noticed

having been referred to Cladothrix.

In the study of these organisms it will be found of great advantage

to stain them first with rose-aniline, or iodine.

Before proceeding to enumerate the species belonging to the

Animal Kingdom, a form must be described which I am puzzled to

know where to locate. I have only noticed it occasionally ; and I

am inclined to regard it as a Desmid.

The body is spheroidal, in optical section broadly oval, surrounded

by a firm cytioderm ; color, bright green ; chlorophyll, disposed in

two lenticular masses ; vacuoles, four ; body surrounded by 7—9 (?)

stiff, colorless, more or less curved bristles (setae), coming off radially,

and 3—5 times the long diameter of the body in length. Three

individuals gave the following measurements :

—

Diam. (1). 0-0093 mm. by 0.0124 mm.

(2). 0-01142 mm. by 0-01428 mm.

(3). 0-0121 mm. by 0-0154 mm.

Habitat, Lake Ontario. Fig. 4.

Wood describes a globular form of Scenedesmus with radiating

bristles, to which the organism above described is possibly allied.

In addition to the foregoing species the vegetable kingdom is

represented by starch grains, spores of fungi, and occasionally some

remains of the higher plants, such as pollen grains, cuticle of

aquatic plants, woody fibre, .&c.
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Protozoa.

The animal forms belong mostly to the Protozoa, being nearly all

included in the groups Rhizopoda and Flagellate Infusoria.

Rhizopoda.—Among the Phizopods were noticed at least two

species of Amoeba

—

A. proteus and A. radiosa, but not very fre-

quently ; on several occasions also Difflugia globulosa, Actinophrys
sol, and Acanthocystis turfarea {sp ?).

Flagellata—Belonging to the Flagellata Infusoria there are a few

interesting forms, some of which I shall notice in detail.

Monas lens is occasionally seen, but by far the commonest species

is Dinobryon sertularia, and a brief description of this beautiful

animalcule will not be out of place. In the spring and early summer

they are to be found in large numbers in every filtering, but in

autumn and through the winter they are rarely met with.

In the classification adopted by W. Saville Kent, in his " Manual

of the Infusoria," they are placed in the Order Flagellata Fustomata,

and Family Chrysomonadidae. The characters of the order are as

follows :
" Animalcules possessing one or more fiagelliform append-

ages, but no locomotive organs in the form of cilia ; a distinct oral

aperture or cytostome invariably developed ; multiplying by longi-

tudinal or transverse fission, or by subdivision of the whole or part

of the body-substance into sporular elements ;" and of the family :

" Animalcules bi-flagellate, rarely niono-flagellate, social or solitary,

free-swimming or adherent, naked, loricate, or immersed within a

common mucilaginous matrix or zoocytium ; endoplasm always con-

taining two lateral, occasionally green, but more usually olive-brown

or yellow differentiated pigment bands ; one or more supplementary

eye-like pigment spots frequently present," and, as far as at present

known, they all inhabit fresh water.

The genus Dinobryon consists of animalcules with two flagella,

one considerably longer than the other • attached by a contractile

ligament to the bottom of a colorless horny lorica, the individual

loricae being connected together so as to form a colony or compound

branching polythecium ; endoplasm containing two lateral green

bands, and a conspicuous eye-like pigment spot situated anteriorly.

In the species D. sertularia Ehr. the individual loricae are per-

fectly hygaline and transparent, and are shaped in general like an
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inverted cone, though they are seldom seen perfectly symmetrical,

but usually more or less twisted and deformed, especially at tha>

posterior end ; the mouth is everted, and below this anterior rim

there is a slight constriction, then a slight expansion, below which it

tapers to the posterior pointed end ; they are joined into colonies by

the posterior end of one lorica being attached to the interior face of"

the rim of the one immediately below it, without any intermediate-

pedicle ; very often the ends of two loricae are inserted into one,

and this produces dichotomy. Empty loricae like this are found in

large numbers, either connected or floating free during the time of

the year already mentioned ; but in many cases the zooid itself is to

be seen attached by its delicate transparent ligament to the bottom

of the lorica, and rarely exserted. In shape the zooids are elongate-

oval, with the two flagella coming off quite close together from the-

anterior end, and on a little lip-like projection is situated the reddish

eye-spot. According to Stein, the oral aperture is close beside the

point of insertion of the two flagella. By the aid of these flagella

they propel themselves rapidly through the water with a rolling

motion, and as they sail across the field of the microscope, with their

shapely loricae, oval green bodies, red eye-spots, and rapidly vibrat-

ing flagella, they present one of the most beautiful objects to be seen,

in the miscroscopic world. The length of the separate loricae as

given by Kent is t£uu", and of the contained zooid arioo
"

; but these

measurements have always been found too small. The avei-age

length of the lorica is 0-083 mm. ( = OOOLd") and of the contained

zoid 0-0132 mm. — 0-0176 (= 0-000528"— 0-0007").

On one occasion two separate zooids were seen in one lorica, one

in the usual position at the lower end, and the other just at the

mouth partly extruded. This most probably was the result of"

fission, and the newly formed zooid had not yet secreted its protect-

ing calyx.

The spheroidal encystments recorded by Biitschli and Stein have

also been observed. They are to be seen at the mouths of otherwise

empty loricae, and also floating free. They are of a yellowish-brown

colour, and consist of an outer dense cuticular cyst enclosing a

smaller more or less eccentric one with protoplasmic contents. No>

eye-spot was observable. At one point on the outer capsule there is

a little conical protuberance standing out prominently from the rest
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of the circumfei'ence, and on the opposite side of the inner cyst there

is a similar projection. Stein figures these as occurring about the-

same place on both cysts, but in all that I observed they were on

opposite sides, and on the outer cyst there was only one. The

diameter of the outer cyst in several instances was found to be about

,

0.0155 mm,, and through the protuberance 0.0217 mm. • and of the

inner 0.0124 mm. Figs. 5, 6.

Dinobryon stipitatum, Stein, was also present once or twice. This,

species differs from the one just described in the greater proportionate

length of the loricae, which are trumpet-shaped, widest at the mouth,

and tapering off into the acuminately pointed posterior end, being

about 7 or 8 times as long as their greatest breadth. The zooids

very much resemble those of D. sertularia, but are more elongated,,

and occupy the anterior half of the lorica, being attached by a

thread-like ligament to its lower side wall. A large amylaceous

more or less spheroidal body is situated near the posterior part of

the endoplasm. The length of the lorica according to Kent is sms"-

Two or three other species of Flagellata have also been seen,,

though rarely.

One, belonging to the Ghoano-Flagellata, i.e., monads with a collar

surrounding the single flagellum, I have referred to Salpingoeca

fusiformis, Kent. Kent gives the following characters for this,

species :
" Lorica sessile, sub-fusiform, or vase-shaped, widest cen-

trally, tapering equally towards the two extremities, but expanding

again anteriorly into a somewhat prolonged and everted neck ; con-

tained animalcule flask-shaped as in S. amphoridium, J. Clark, but

of larger size. Length of lorica rims"- Hab., fresh water, solitary."

Tins form was seen only on one occasion, attached to a frond of

Rhizosolenia Eriensis. The lorica was empty and corresponded

closely with the above description. In another part of the field

however I found what probably was the zooid of this species which

had been set free, though it is possible that it might have been

Monosiga socialis, Kent, with the description of which it closely

agreed. The body was somewhat pyriform, widest posteriorly, with

no pedicle ; a single long flagellum surrounded by a collar. Length

of the body 0-0062 mm. ( = *tJW), breadth 0-00465 mm. ( = TrdW)-

On one occasion I got a glimpse of a colony which I think belonged

to the familv Codonosigidae of this order. Unfortunately I lost.
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sight of it, and never succeeded in finding any of the same kind

again. It was probably a species of Aslerosiga, in which the monads

are arranged in a stellate fashion.

Another form has been doubtfully referred to the Flagellata-Pantos-

tomata, family Bikoecidae, which includes sedentary animalcules

with an anterior lip-like prominence, either solitary or in colonies,

secreting separate horny loricae, mostly stalked ; flagella two, one

long and one short ; no distinct oral aperture. In certain of its

characters this form resembled Bicosoeca lacustris, J. Clark, and in

others Stylobryon petiolatum, Buj. sp., while in general appearance it

was very like a large Dinobryon. I was unable to make out whether

thei'e^was a distinct oral aperture or not. The individuals as far

as observed were solitary, and characterized as follows :—Lorica

sub-cylindrical, a little more than twice as long as its greatest breadth,

with a pedicle of about equal length, widest posteriorly, slightly

everted anteriorly, tapering towards and conically pointed at the

posterior extremity ; zooid broadly ovate, plastic, with an anterior

lip-like prominence, occupying the posterior half of the lorica, to

the bottom of which it is attached by a contractile thread-like liga-

ment on which it rotates ; flagella two in number, one long and one

short, inserted at the base of the lip-like prominence ; endoplasm

containing two lateral greenish-yellow bands, and a reddish eye-spot

situated anteriorly at the base of the lip-like projection ; contractile

vesicle single, located posteriorly. Length of the lorica -03143. mm.
(= s^o"), and of the contained zooid 0-0171 mm. (= -rwuwa")- Hab.,

fresh water, Lake Ontario. Fig. 7.

Kent regards Stylobryon petiolatum, as undoubtedly a compound

modification of Bicosoeca lacustris, and possibly the form above

described is a variety of the same species, considerably larger than

the one described by H. James-Clark, if it is not a species of

Dinobryon.

The Cilio-Flagellata are represented by a species of Peridineum

not determined.

Infusoria Giliata.—Belonging to the Ciliated Infusoria there is a

large species of Vorticella frequently seen, either attached or free-

swimming ; Stentor is rare ; also a few Holotrichous and Hypotrich-

ous forms, free and encysted are to be found occasionally.
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Metazoa.

The other animal forms which have been noticed are not very

numerous.

Vermes.—The worms are represented by the Nematoid Anguillula

fluviatilis, which is not very common and by one or two species of

Rotifera belonging to the family Brachionidae, in which there is a

carapace and one or more eye-spots. These are Anuraea stipitata,

and another species with the back of the carapace ornamented with

facets, as well as furnished with teeth in front. A species of the

genus Brachionus itself has also been observed.

Arthropoda.—The Crustacea are represented by at least two

species, Cyclops quadricomus and Daphnia pulex, or a nearly allied

form. Cyclops especially is common both in the adult and larval

stages.

Belonging to the Tardigrada I have noticed a species of Macrobi-

otus rarely present, probably M. Hufelandii.

Epithelial cells, bristles of Crustacea and insects and other frag-

ments are to be found among the debris which is always present in

considerable quantity, and which is generally described as " flocculent

matter." It consists mainly of broken Diatom frustules, as a good

deal of it remains after boiling in nitric acid, partly also of decom-

posed organic matter in a fine state of division, as well as a small

quantity of mineral matter.

The bearing which the foregoing observations have on the question

of the purity of Toronto's water supply may now be briefly alluded

to. Judging from the miscroscopical examination of the suspended

matter in the water, I would charactei'ize it as one of the purest

of natural waters, inasmuch as it is almost entirely free from any

organisms which are either themselves directly injurious, or which,

by their presence, would show that water containing them must

necessarily be injurious. The great bulk of the sediment consists of

vegetable matter, and that in a living condition. The animal forms

are chiefly Flagellate Infusoria, which are inhabitants of fresh water,

not depending for their food on dead, decaying, and poisonous

matter.

The absolute amount of sediment in the water I cannot accurately

state ; but the chemical analyses show the amount of albuminoid

ammonia to be very small (averaging -003— '007 grains per gal.)
;

30
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and I have found it necessary to run the tap a considerable time to

collect any appreciable quantity.

As already stated, my investigations have been confined to the

tap water in the School of Practical Science ; and, while admitting

that other taps in different parts of the city would probably give

different results as to quantity, yet I think the quality would be

found to be practically the same.

April 7th, 1883.

EXPLANATION OF THE FIGURES IN PLATE

Fig. 1.

—

Melosira dentata, n. sp., filament of 4 frustules.

Fig-. 2.

—

Qlosterium, sp. ?

Fig. 3.

—

Clos. filiforme, n. sp.

Fig. 4.—Unknown form—probably a Desmid.

Figs. 5, 6.—Encysted forms of Dinobryon sertularia, Ehr.

Fig 7. —Flagellate Infusorian allied to Bicosoeca lacustris, J. Clark, and

Stylobryon petiolatum, Duj. ; e, eye-spot ; cv, contractile vacuole

;

lb, lateral bands.
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